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PERTINENT  DATA 


GENERAL 


River  mile 

9.7 

Drainage  area,  square  miles 

109,000 

Normal  hydraulic  height,  feet 

100 

Maximum  structural  height,  feet 

208 

Overall  length  at  crest,  feet 

2,790 

Discharges,  cfs 

Minimum  of  record  (1958) 

6,600 

Mean  annual 

48,840 

Standard  project  flood 

409,000 

Maximum  of  record  (1894) 

409,000 

Spillway  design  flood 

850,000 

First  power  on  line 

December  1 961 

Concrete,  cubic  yards 

1.330,000 

Reinforcing  steel,  pounds 

50,000,000 

ESTIMATED  COST 

$167,623,479 

RESERVOIR 

• 

Name 

Lake  Sacajawea 

Length 

31.9  miles 

Average  width 

0.4  mile 

Maximum  width 

1.0  mile 

Normal  pool  elevation 

440  feet  msl 

Minimum  power  pool  elevation 

437  feet  msl 

Maximum  pool  elevation  (850,000  cfs) 

446.4  feet  msl 

Surface  area  at  elevation  440  (low  flow) 

8,375  acres 

Storage  between  elevation  437  and  440  (low  flow) 

24,900  acre-feet 
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LAKE  SACAJAWEA.  WASHINGTON 
PERTINENT  DATA  (Continued) 


Powerhouse,  overall  length 

671  feet 

Spillway,  total  length 

590  feet 

Navigation  lock,  overall  width 

173  feet 

Concrete  nonoverflow  sections: 

Navigation  lock  to  spillway,  length 

1 54  feet 

Spillway  to  powerhouse,  length 

40  feet 

Powerhouse  to  south  shore,  length 

560  feet 

Earth  embankments,  length  (right) 

624  feet 

Total  length  of  dam 

2.822  feet 

Maximum  height  of  concrete  section 

213  feet 

Maximum  height  of  abutment  section 

123  feet 

Deck  elevation 

453  feet  msl 

POWERHOUSE 

Number  of  hydro-generating  units: 

Initial  installation 

3 

Ultimate  installation  (current  operating  units) 

6 

Turbines: 

Type 

Kaplan 

Number  of  blades 

6 

Synchronous  speed 

Units  1  through  3 

90  rpm 

Units  4  through  6 

85.7  rpm 

Runner  Throat  diameter 

Units  1  through  3 

280  inches 

Units  4  through  6 

300  inches 

Plant  discharge  at  rated  head  and  output  (6  units) 

94.000  cfs 

Total  rated  generator  capacity  at  0.95  power  factor 

603.000  kW 

15%  total  overload  generator  capacity  at  0.95  power 

factor 

690.000  kW 
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LAKE  SACAJAWEA.  WASHINGTON 
PERTINENT  DATA  ^Continueri^ 


SPILLWAY 


Type  Ogee. 

Maximum  width  at  base,  elevation  304  feet  msl 

Maximum  height,  foundation  to  deck 

Number  of  bays 

Overall  length,  including  piers 

Clear  length 

Crest  elevation 

Gate  seal  elevation 

Top  of  gate  in  closed  position 

Deck  elevation 

Gate  lip  elevation  at  maximum  opening 

Type  of  gates 

Size  of  gates 

Method  of  operation 

Spillway  design  flood: 

Peak  discharge 
Pool  elevation 
Tail  water  elevation 
Gross  head 

Maximum  flood  at  normal  pool,  elevation  440; 
Discharge 
Tailwater  elevation 
Gross  head 

Maintenance  closure  spillway  bays 


concrete  gravity,  gate  controlled 

1 39  feet 
141  feet 
10 

590  feet 
500  feet 
391  feet  msl 
389.07  feet  msl 
442  feet  msl 
453  feet  msl 
436  feet  msl 
Tainter 

52.9  feet  high  by  50.0  feet  wide 
Individual  electric  hoists 

850,000  cfs 

446.4  feet  msl 
374.0  feet  msl 

72.4  feet 

685,000  cfs 

370.5  feet  msl 

69.5  feet 
Stoplogs 


STILLING  BASIN 


Type 

Width,  perpendicular  to  flow 
Length,  parallel  to  flow 
Floor  elevation 
Baffles 

Baffle  size,  H  x  L  x  W 
Height  of  continuous  end  sill 


Horizontal  floor 
590  feet 
168  feet 
304  feet  msl 
1  row 

8  ft.  by  10.5  ft.  by  10  ft. 

12  feet 
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Type 

Maximum  lift  (minimum  pool  McNary  and  zero 
discharge  Ice  Harbor) 

Inside  length 
Inside  width 

Normal  minimum  depth  over  lower  sill 
(T.W.  elevation-337) 

Minimum  depth  over  upper  sill  (minimum  pool) 
Normal  depth  over  upper  sill  (normal  pool) 
Upstream  lock  gate  (radial)  height 
Downstream  lock  gate  (vertical  lift)  height 
Normal  filling  time 
Normal  emptying  time 


FISH  PASSAGE  FACILITIES 


Width  of  ladders: 

North 

South 

Number  of  weirs  (including  orifice  -  control  section) 
Overflow  weirs: 

Number 
Height 
Orifice  size: 

North 

South 

Slope: 

North 

South 

Exit  of  ladder,  invert  elevation 
Entrance  of  ladder,  invert  elevation 
Normal  fishway  flow  (from  forebay): 

North 

South 

Auxiliary  attraction  water  pumps: 

North 

South 


Single  lift 

1 05  feet 
675  feet 
86  feet 

16  feet 
1 5  feet 
1 8  feet 
25  feet 
91  feet 
11  minutes 
14  minutes 


16  feet 
24  feet 
103 

97 
6  feet 

18x18  inches 
21  X  23  inches 

1  on  10 
1  on  16 
431  feet  msl 
332  feet  msl 

74  cfs 
142  cfs 

3 

8 
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LAKE  SACAJAWEA.  WASHINGTON 
PERTINENT  DATA  (Continued^ 

FISH  PASSAGE  FACILITIES  rCont^ 

Discharge  per  pump; 

North  250  cfs 

South  300  cfs 

Fishway  entrances  (all  12  feet  wide): 

South  2 

Nonoverflow  3 

North  3 

Powerhouse  fish  collection  system: 

Number  of  orifice  entrances 

(2  feet  X  6  feet)  -12 

Length  of  channel  661  feet 

Width  of  channel  17.5  feet 
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EXECUTIVE  SUMMARY 


The  Problem. 

River  flows  passed  through  the  spillways  of  the  dams  located  on  the  lower 
Columbia  and  lower  Snake  Rivers  produce  water  that  is  supersaturated  with  dissolved 
gases.  These  high  levels  of  dissolved  gases  are  detrimental  to  aquatic  life.  In  the 
1970's,  spillway  deflectors  were  installed  on  the  spillways  of  several  U.S.  Army  Corps 
of  Engineers’  projects  (Bonneville,  McNary,  Lower  Monumental,  Little  Goose,  and 
Lower  Granite  Dams)  to  reduce  the  high  levels  of  total  dissolved  gas  (TDG)  produced. 
However,  in  1976,  it  was  decided  to  postpone  the  construction  of  deflectors  at  Ice 
Harbor  Dam.  Key  fishery  researchers  of  that  time  judged  that  spillway  deflectors  at  Ice 
Harbor  Dam  would  cause  poor  hydraulic  conditions  in  the  tailrace  that  would  likely 
delay  or  block  adult  fish  passage.  Also,  the  severity  and  frequency  of  TDG 
supersaturation  downstream  of  Ice  Harbor  Dam  was  expected  to  be  reduced 
significantly  in  the  near  future  because  of  several  factors.  These  factors  included; 

1 )  the  recent  completion  of  ail  six  powerhouse  turbines  at  Ice  Harbor  Dam,  which  would 
significantly  reduce  the  amount  of  spill  discharge  required  during  periods  of  high  flow; 

2)  the  recently  completed  Dworshak  Dam,  having  3  million  acre-feet  of  active  flood 
control  storage,  which  would  also  reduce  the  amount  of  spill  required  at  Ice  Harbor 
Dam  due  to  high  flows;  and  3)  the  installation  of  spillway  deflectors  and  the  accelerated 
schedule  for  turbine  installation  at  the  three  lower  Snake  River  dams  upstream  of  Ice 
Harbor  Dam,  which  would  reduce  the  frequency  and  level  of  TDG  entering  the  forebay 
of  Ice  Harbor  Dam  in  the  near  future.  This  reduction  of  TDG  in  the  forebay  was 
expected  to  reduce,  to  some  extent,  the  level  of  TDG  downstream  of  Ice  Harbor  Dam  as 
well. 


Operation  of  Ice  Harbor  Dam  has  changed  in  the  past  few  years.  Spill  is 
currently  used  as  a  method  of  routing  juvenile  fish  away  from  powerhouse  turbines. 
Also,  during  high  river  discharges,  greater  quantities  of  spill  have  recently  been 
required  at  Ice  Harbor  Dam  because  of  turbine  outages  for  servicing  and  repairs. 
These  more  frequent  and  higher  levels  of  TDG  have  renewed  interest  in  reducing  TDG 
levels  below  Ice  Harbor  Dam.  The  importance  of  reducing  TDG  levels  is  emphasized 
by  the  rapid  decline  of  returning  adult  salmon  that  has  lead  to  the  listing  of  several 
species  as  threatened  or  endangered  under  the  Endangered  Species  Act. 

Possible  Alternatives  for  Reducing  High  TDG  Levels. 

Concurrent  with  the  preparation  of  this  design  memorandum,  a  separate 
dissolved  gas  abatement  study  was  initiated  that  explored  alternatives  for  reducing 
TDG  levels  downstream  of  the  eight  Federal  dams  on  the  lower  Snake  and  lower 
Columbia  Rivers.  Several  structural  modifications  as  well  as  operational  changes  are 
being  examined  in  this  gas  abatement  study.  The  structural  modifications  include 
raising  the  stilling  basin  invert  elevation  only,  raising  the  stilling  basin  invert  along  with 
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adding  a  deeper  basin  downstream  of  the  raised  basin  (called  a  negative  step  stilling 
basin),  installing  spillway  deflectors,  and  combinations  of  these  modifications  as  well  as 
other  concepts.  The  findings  of  this  study  so  far  are  presented  in  Dissolved  Gas 
Abatement  Study,  Phase  I,  Technical  Report,  April  1996.  The  recommendation  given 
includes  the  continuation  of  efforts  to  install  spillway  deflectors  at  John  Day  and  Ice 
Harbor  Dams.  Some  of  the  reasons  given  are  the  uncertainties  of  how  effective  other 
alternatives  are  in  reducing  TDG  levels,  the  relative  low  cost  of  installing  deflectors 
compared  to  the  other  alternatives,  and  the  shorter  timeframe  required  to  implement 
spillway  deflectors. 

Effectiveness  of  Spillway  Deflectors  in  Reducing  High  TDG  Levels. 

It  is  estimated  that  deflectors  on  the  Ice  Harbor  spillway  would  reduce  TDG 
levels  by  up  to  5  to  10  percentage  points  (e.g.,  reduce  TDG  from  120  percent  to 
1 1 0-  to  1 1 5-percent  saturation).  Even  this  small  amount  of  reduction  can  have 
significant  biological  benefits.  This  estimated  reduction  is  based  on  an  extrapolation  of 
data  collected  at  Lower  Monumental  Dam  (both  before  and  after  the  addition  of 
deflectors)  to  Ice  Harbor  Dam  (the  spillway  design  of  these  two  dams  are  very  similar). 
This  maximum  reduction  is  likely  to  occur  for  total  spill  discharges  up  to 
60  thousand  cubic  feet  per  second  (kefs). 

Concerns  about  Installing  Spillway  Deflectors  at  Ice  Harbor  Dam. 

The  previous  Ice  Harbor  Dam  model  studies  of  1976  examined  river  discharges 
of  160  kefs  and  higher.  Hydraulic  conditions  in  the  tailrace  did  not  appear  favorable  for 
adult  fish  passage  in  the  vicinity  of  the  fishway  entrances  for  these  high  discharges  with 
spillway  deflectors  installed.  However,  information  indicates  that  adult  fish  may  actually 
hold  up  and  delay  migrating  further  upstream  when  Snake  River  discharges  begin  to 
exceed  150  kefs.  Current  Ice  Harbor  Dam  general  model  tests  conducted  at 
Waterways  Experimental  Station  (WES)  indicate  that  adult  fish  entrance  conditions  are 
adequate  for  river  discharges  up  to  1 50  kefs  with  deflectors  installed  on  the  center  8 
spill  bays. 

Preliminary  model  tests  indicated  that  fishway  entrance  conditions  could  be 
significantly  improved  by  extending  the  north  training  wall.  However,  there  is 
insufficient  time  to  design  and  incorporate  the  training  wall  extension  into  the  current 
plans  and  specifications  for  installing  the  eight  spillway  deflectors.  These  preliminary 
tests  also  indicate  installing  deflectors  on  spill  bays  1  and  10,  in  conjunction  with 
training  wall  extensions  (see  plates  1  and  2),  may  not  adversely  affect  adult  fish 
passage  conditions  while  obviously  reducing  the  TDG  produced  by  these  two  spill 
bays.  Further  model  testing  to  determine  deflector  elevation  for  the  two  end  bays,  to 
refine  the  training  wall  extension  design,  and  to  explore  other  options  for  improving 
tailrace  conditions  for  adult  fish  passage  are  needed.  Results  and  recommendations 
from  these  tests  will  be  reported  in  a  letter  supplement  to  this  design  memorandum. 
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Movement  of  rock  debris  within  the  stilling  basin  was  also  addressed  in  the 
current  Ice  Harbor  model  studies.  Rock  debris  can  be  pulled  into  the  stilling  basin  by 
the  hydraulic  action  of  skimming  flow  produced  by  spillway  deflectors.  Significant 
erosion  of  the  stilling  basin  has  been  found  in  two  areas  of  the  basin  at  Lower 
Monumental  Dam.  The  erosion  appears  to  be  related  to  hydraulic  conditions  created 
by  discharge  through  adjacent  deflector  and  non-deflector  bays.  Unlike  Lower 
Monumental,  the  Ice  Harbor  spillway  has  extended  training  walls  that  partially  separate 
the  end  bays  from  the  eight  interior  spill  bays.  Model  tests  of  the  Ice  Harbor  spillway 
indicate  the  existing  training  walls  are  long  enough  to  prevent  erosive  activity  of  rock 
debris  between  a  non-deflector  bay  to  the  outside  of  the  training  wall,  and  a  deflector 
bay  to  the  inside  of  the  training  wall.  However,  a  potential  for  rock  debris  to  be  pulled 
into  the  basin  in  the  vicinity  of  the  training  walls  was  observed  in  the  model.  Most  of 
the  debris  pulled  into  the  basin  near  the  training  walls  migrated  around  the  end  of  the 
wall  to  the  toe  of  the  adjacent  deflector  spill  bay. 

Ice  Harbor  stilling  basin  conditions,  with  deflectors  on  the  eight  interior  bays, 
are  better  represented  by  conditions  within  the  Lower  Granite  stilling  basin  than  those 
which  occur  at  Lower  Monumental.  Inspection  of  the  Lower  Granite  stilling  basin 
confirmed  large  rock  debris  was  being  brought  into  the  basin  by  hydraulic  action 
caused  by  the  deflectors.  The  basin  showed  signs  of  some  erosion;  however,  no  major 
concentrated  erosion  zones  were  found.  Though  uncertainty  exists  on  how  this 
material  would  effect  the  basin  during  large,  long  duration  spill  events,  the  moderate 
spill  conditions  that  have  occurred  at  Lower  Granite  since  construction  in  1975  have 
not  resulted  in  any  major  damage.  Thus,  debris  concerns  associated  with  the 
installation  of  deflectors  at  Ice  Harbor  are  not  such  that  construction  of  deflectors 
should  be  delayed  given  the  serious  need  to  reduce  TDG  levels  at  Ice  Harbor.  • 
However,  the  basin  should  be  monitored  closely  after  any  major  spills  and  results  of  the 
Lower  Monumental  Stilling  Basin  Erosion  Study  should  be  reviewed  for  possible 
application  at  Ice  Harbor. 

Preliminary  model  investigations  at  WES  indicate  that  installation  of  deflectors  at 
Ice  Harbor  will  result  in  higher  cross  channel  velocities  and  greater  surface  turbulence 
near  the  end  of  the  downstream  navigation  lock  guidewall.  These  conditions  are  likely 
to  make  it  more  difficult  for  barge  traffic  to  navigate  into  and  out  of  the  lock. 

Recommendations. 

This  design  memorandum  recommends  proceeding  with  the  immediate 
installation  of  spillway  deflectors  on  the  center  eight  spill  bays.  It  also  recommends 
preparing  a  supplement  to  this  design  memorandum,  which  will  address  the  issues 
relating  to  improving  tailrace  conditions  for  adult  fish  passage,  improving  navigation 
conditions,  and  the  possible  installation  of  deflectors  on  spill  bays  1  and  10. 
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Costs  and  Schedule. 


The  estimated  construction  cost  of  installing  deflectors  on  the  center  8  spill  bays 
is  $6.8  million.  Several  construction  dewatering  schemes  were  identified  by  a  value 
engineering  study,  which  could  save  up  to  $1.8  million.  The  contract  documents  are 
being  written  to  allow  the  contractor  to  choose  and  design  their  own  dewatering  system. 
The  contract  is  scheduled  to  be  awarded  by  15  July  1996  with  a  completion  date  of 
15  March  1997. 

The  estimated  cost  of  preparing  the  letter  supplement  addressing  improvements 
for  adult  fish  passage  (including  additional  model  testing)  is  $300,000.  The  letter 
supplement  is  scheduled  to  be  completed  by  the  fall  of  1996. 
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1.01.  GENERAL. 

Due  to  the  rapid  decline  in  salmon  runs,  regional  fishery  interests  have 
requested  a  voluntary  spill  at  eight  Federal  dams  on  the  lower  Columbia  and  lower 
Snake  Rivers.  They  believe  the  voluntary  spill  will  help  improve  juvenile  salmonid  fish 
passage  around  the  dams.  However,  total  dissolved  gas  (TDG)  supersaturation  occurs 
when  water  is  spilled  over  the  existing  spillways.  High  levels  of  TDG  can  cause 
mortality  in  juvenile  and  adult  migratory  fish,  resident  fish,  and  other  organisms. 
Dissolved  gas  control  was  also  a  regional  issue  in  the  late  1970’s,  and  several  of  the 
eight  Federal  dams  were  retrofitted  with  spillway  deflectors  to  reduce  the  level  of  high 
TDG  supersaturation.  These  spillway  deflectors  were  designed  for  involuntary  spillway 
releases,  which  occur  when  river  discharges  exceed  powerhouse  hydraulic  capacities. 
Ice  Harbor  Dam  does  not  have  deflectors  on  the  spillway  and  is  known  to  produce  high 
TDG  levels  during  spill  operations. 

1.02.  PROJECT  DESCRIPTION. 

a.  General. 

The  main  structures  of  Ice  Harbor  Dam  consist  of  a  powerhouse,  spillway, 
stilling  basin,  navigation  lock,  non-overflow  sections,  a  rockfill  embankment  on  the 
north  shore,  two  adult  fish  ladders,  and  a  newly  constructed  juvenile  fish  bypass  system 
(see  plate  1).  All  structures,  except  the  new  juvenile  fish  bypass  system,  were 
constructed  during  1 959-61 . 

b.  Powerhouse. 

The  powerhouse  structure  houses  six  complete  kaplan  turbines  and 
associated  generators,  an  erection  bay,  service  bay,  control  room,  and  project  office 
space.  Synchronous  speed  of  the  turbines  is  90  revolutions  per  minute  with  a  runner 
diameter  of  280  inches.  Each  turbine  will  develop  at  least  143,000  horsepower  at 
89  feet  of  head. 

c.  Spillway  and  Stilling  Basin. 

The  spillway  at  Ice  Harbor  Dam  has  a  total  length  of  590  feet  (including 
9  intermediate  piers)  and  consists  of  10  gate-controlled  spill  bays,  each  50  feet  wide. 
Piers,  10  feet  in  width,  separate  the  spill  bays  (see  plate  2).  Elevation  of  the  spillway 
crest  is  391  feet  mean  sea  level  (fmsi).  Spillway  discharges  are  controlled  by  10  tainter 
gates,  each  50  feet  wide  by  52.9  feet  high.  The  design  capacity  of  the  spillway  is 
850  thousand  cubic  feet  per  second  (kefs)  with  a  corresponding  maximum  pool 
elevation  of  446.4  fmsI.  At  the  normal  full  pool  elevation  of  440  fmsI,  the  spillway  will 
pass  a  maximum  of  685  kefs.  The  energy  of  the  water  discharging  through  the  spillway 
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is  dissipated  by  a  hydraulic  jump  and  baffles  in  a  horizontal  apron-type  stilling  basin. 
One  row  of  baffles  (8  feet  high,  10.5  feet  long,  and  10  feet  wide)  plus  an  end  sill 
(12  feet  high  and  590  feet  long)  assists  in  dissipating  the  energy.  The  stilling  basin  has 
been  designed  to  contain  the  jump  for  discharges  up  to  850  kefs. 

d.  Navigation  Lock. 

The  single-lift  lock  is  located  on  the  north  side  of  the  river.  It  has  a  clear 
inside  (86  feet  wide  and  675  feet  long).  The  maximum  lift  is  105  feet. 

e.  Adult  Fish  Ladders. 

The  adult  fish  passage  facilities  at  Ice  Harbor  Dam  consist  of  north  and 
south  shore  fish  ladders,  a  powerhouse  collection  system  and  transportation  channel, 
and  attraction  water  facilities.  Total  normal  discharge  through  the  ladders  from  the 
forebay  is  approximately  216  cubic  feet  per  second  (cfs)  (74  cfs  from  the  north  ladder 
and  142  cfs  from  the  south  ladder). 

f.  Juvenile  Fish  Bvoass  System. 

The  new  juvenile  fish  bypass  system  is  currently  under  construction  and 
consists  of  standard-length  submerged  traveling  screens,  vertical  barrier  screens, 
raised  intake  gates,  fish  orifices,  fish  collection  channel,  dewatering  system,  and  fish 
transportation  system.  A  fish  sampling  system  is  also  being  constructed  to  allow 
evaluation  of  the  juvenile  fish  bypass  systems. 

1.03.  PURPOSE. 

This  design  memorandum  was  prepared  in  response  to  the  March  2, 1 995, 
National  Marine  Fisheries  Service  Biological  Opinion,  Reinitiation  of  Consultation  on 
1994-1998  Operation  of  the  Federal  Columbia  River  Power  System  and  Juvenile 
Transportation  Program  in  1995  and  Future  Years,  Reasonable  and  Prudent  Action, 
measure  18.  This  measure  directs  the  U.S.  Army  Corps  of  Engineers  to  reduce  gas 
levels  with  appropriate  structural  modifications  (/. e.,  spillway  and  stilling  basin 
modifications)  contingent  upon  the  results  of  gas  abatement  evaluations  in  1 995  and 
1996.  The  Dissolved  Gas  Abatement  Study  (DGAS),  Phase  I,  Technical  Report  (April 
1996)  supports  installation  of  spillway  deflectors^t  Ice  Harbor  Dam. 

A  U.S.  Army  Corps  of  Engineers,  North  Pacific  Division  letter,  dated 
12  June  1995,  directed  the  U.S.  Army  Corps  of  Engineers,  Walla  Walla  District  to 
immediately  begin  design  of  spillway  deflectors  at  Ice  Harbor  Dam.  This  design 
memorandum  recommends  a  method  for  implementation  of  spillway  deflectors  that  will 
provide  some  reduction  in  TDG  production  until  a  better  structural  solution  is  identified 
through  the  on-going  DGAS.  Because  this  design  memorandum  is  not  a  feasibility 
study,  review  of  other  alternatives  are  not  provided  in  detail,  but  are  referenced  for 
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completeness  and  consistency  with  the  preparation  of  the  Environmental  Assessment 
required  under  the  National  Environmental  Policy  Act. 

1.04.  SCOPE. 

This  design  memorandum  provides  background  information  on  the  physical 
production  and  biological  effects  of  TDG.  It  identifies  several  alternatives  that  may 
reduce  TDG  supersaturation  levels,  including  an  operational  measure  and  other 
structural  modification  measures  derived  from  the  on-going  DGAS.  Alternatives  are 
described  and  evaluated  from  available  information,  including  current  hydraulic  model 
study  information. 

This  design  memorandum  recommends  the  construction  of  spillway  deflectors 
at  Ice  Harbor  Dam  and  presents  design,  construction,  and  environmental  compliance 
information  related  to  this  recommendation.  While  not  viewed  as  a  total  fix  to  the  TDG 
production,  deflectors  can  provide  an  estimated  interim  reduction  in  TDG  of  5  to 
10  percent,  until  a  better  solution  is  found. 

1.05.  AUTHORIZATION. 

This  design  memorandum  is  an  element  of  the  Columbia  River  Salmon 
Mitigation  Analysis  and  is  being  conducted  under  the  existing  authority  for  Ice  Harbor 
Dam.  That  authority  is  the  Rivers  and  Harbors  Act  of  1945,  Public  Law  79-14,  dated 
2  March  1945. 

1.06.  PREVIOUS  STUDIES  AND  REPORTS. 

Studies  have  previously  been  completed  concerning  spillway  deflectors  at  Ice 
Harbor  Dam.  The  studies  and  report  titles  are  listed  below: 

a.  Ice  Harbor  Spillway  Deflectors,  Letter  Report  (October  1 994;  preliminary). 

b.  Spillway  Deflectors  at  Bonneville,  John  Day,  and  McNary  Dams  on  the 
Columbia  River,  Oregon-Washington  and  Ice  Harbor,  Lower  Monumental,  and  Little 
Goose  Dams  on  the  Snake  River,  Washington.  Hydraulic  Model  Investigation, 
Technical  Report  Number  104-1,  1984. 

c.  Ice  Harbor  General  Spillway  Model,  Deflector  Study,  Report  No.  1.  U.S. 
Army  Corps  of  Engineers,  North  Pacific  Division  Hydraulic  Laboratory,  23  August  1976. 

d.  Dissolved  Gas  Abatement  Study,  Phase  i,  Technical  Report.  U.  S.  Army 
Corps  of  Engineers,  Portland  and  Walla  Walla  Districts,  April  1996. 
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SECTION  2.0  -  BACKGROUND 


2.01.  TOTAL  DISSOLVED  GAS  (TDG1  SUPERSATURATION 

Spill  through  the  lower  Snake  River  dams  causes  TDG  supersaturation  that  can 
exceed  state  water  quality  standards,  as  well  as  the  Federal  water  quality  criteria 
(110  percent  of  barometric  pressure).  Water  passing  through  the  spillways  of  the  dams 
entrains  air  (in  the  form  of  bubbles)  as  it  passes  under  the  tainter  gates,  over  the 
spillway,  and  plunges  into  the  stilling  basin.  The  air  bubbles  are  forced  into  solution  by 
hydrostatic  pressure,  thus  raising  the  TDG  concentration  in  the  water.  As  a 
convenience,  dissolved  gas  pressures  may  be  expressed  as  a  percentage  of 
barometric  pressure  (percent  saturation).  Total  dissolved  gas  supersaturation  is  often 
mislabeled  as  "nitrogen  supersaturation"  because  nitrogen  was  believed  to  be  the 
principle  gas  that  caused  problems. 

Nitrogen,  oxygen,  and  argon  comprise  about  78,  21 ,  and  1  percent, 
respectively,  of  the  elemental  gases  present  in  dry  air.  Under  stable  conditions,  the 
pressure  of  every  gas  in  the  atmosphere  reaches  an  equilibrium  with  its  dissolved  form 
in  water.  At  this  point,  the  water  is  said  to  be  saturated.  Stable  conditions  being 
unusual,  water  is  rarely  at  equilibrium  with  atmospheric  gases.  Rather,  it  is  either 
under-saturated  or  over-saturated  (supersaturated)  with  atmospheric  gas(es). 

Spill  discharge  rate  is  the  dominant  variable  explaining  the  variation  in  TDG 
concentrations  in  a  specific  tailrace  and  for  the  next  downriver  reservoir.  Other 
variables  determining  TDG  supersaturation  include  stilling  basin  water  depth,  total  river 
discharge,  downstream  mixing  potential  between  powerhouse  and  spillway  discharges, 
water  temperature,  and  oxygen:nitrogen  ratios. 

Water  temperature  and  pressure,  as  a  function  of  depth,  are  important  factors 
in  determining  gas  solubility.  The  capacity  of  a  body  of  water  to  hold  dissolved  gas  is 
inversely  related  to  temperature.  Increasing  the  temperature  of  a  volume  of  water 
decreases  the  volume  of  gas  it  will  hold  at  equilibrium.  Therefore,  an  increase  in  water 
temperature  alone  will  produce  supersaturation  in  water  that  is  initially  saturated  at 
100  percent  (Weitkamp  and  Katz,  1980).  Pressure  is  increased  in  water  by  hydrostatic 
head.  Hydrostatic  pressure  increases  rapidly  with  depth,  thus  greatly  enhancing  the 
capacity  of  deeper  water  to  dissolve  and  hold  gases. 

Dissolved  gases  are  remarkably  stable  despite  their  supersaturated  condition 
and,  once  the  water  is  supersaturated,  it  tends  to  stay  supersaturated.  This  happens 
because  the  diffusion  pressure  gradient  and  surface-to-volume  ratio  are  usually  low, 
and  the  water's  surface  tension  is  high.  Because  dams  slow  and  quiet  the  water,  the 
dissolved  gases  usually  do  not  equilibrate  with  the  atmospheric  air  between  dam's. 
Consequently,  supersaturation  conditions  can  persist  and  accumulate  over  extended 
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distances  (Ebel,  1969;  Corps,  1992).  An  overview  of  the  relationship  of  gas  laws  and 
water  can  be  found  in  Colt  (1984). 

2.02.  PROJECT  OPERATION. 

a.  Svstem-Wide  Operations  -  Late  1970’s  and  1980’s. 

Spill  has  been  an  integral  part  of  the  “spread-the-risk”  system-wide 
operation  coordinated  regionally  in  the  late  1970's  and  1980's.  This  operational 
philosophy  was  based  on  the  capability  of  the  juvenile  fish  transportation  program  to 

1 )  collect  and  barge  50  to  60  percent  of  the  smolts  arriving  at  Lower  Granite  Dam, 

2)  either  barge  or  bypass  60  to  70  percent  of  the  smolts  arriving  at  Little  Goose  Dam, 
and  3)  since  1993,  either  barge  or  bypass  60  to  70  percent  of  the  smolts  arriving  at 
Lower  Monumental  Dam. 

Assuming  that  all  fish  at  Lower  Granite  and  Little  Goose  Dams  collected 
prior  to  1993  were  transported  and  not  bypassed  back  to  the  river  (as  regulated  by  flow 
dependent  triggers  in  the  Annual  Fish  Passage  Plans),  this  left  about  10  to  12  percent 
of  the  total  original  Snake  River  smolt  population  arriving  at  Lower  Granite  Dam  to 
migrate  in-river  to  Ice  Harbor  Dam.  In-river  flows  were  prioritized  for  hydropower 
generation  under  the  1970  to  late  1980  operations,  utilizing  maximum  turbine  operation 
with  only  short  periods  of  forced  spill  occurring  during  high  flow  years.  These  short 
duration,  forced  high-spill  periods  typically  last  only  a  few  weeks.  If  these  operations 
produced  up  to  120  percent  TDG,  then  up  to  100  percent  of  that  spilled  proportion  (of 
the  10-  to  12-percent  population  segment  actually  passing  Ice  Harbor  Dam  for  those 
few  days)  could  have  been  negatively  affected  with  gas  bubble  trauma  (GBT).  If  the 
river  water  was  above  the  lethal  TDG  threshold  of  120  to  127  percent,  GBT  could  have 
manifested  into  mortality. 

b.  Current  and  Probable  Future  Svstem-Wide  Operations. 

The  1994  NMFS/U.S.  Fish  and  Wildlife  Service  (USFWS)  emergency  spill 
operation  for  spring  Chinook  and  the  spill  volumes  requested  in  the  March,  2,  1995, 
National  Marine  Fisheries  Service  Biological  Opinion,  Reinitiation  of  Consultation  on 
1994-1998  Operation  of  the  Federal  Columbia  River  Power  System  and  Juvenile 
Transportation  Program  in  1995  and  Future  Years  (Bi-Op)  are  representative  of  a  total 
system-wide  spill  operation.  The  operation  was  designed  to  enhance  in-river  passage 
of  smolts  through  reductions  in  travel  time  and  collection  for  barge  transport.  The 
Bi-Op  requests  that  the  percent  of  total  river  flow  needed  to  achieve  an  80-percent  fish 
passage  efficiency  (FPE)  should  be  spilled  at  Ice  Harbor  Dam.  This  has  been 
calculated  to  be  27  percent  for  spring  passage  and  70  percent  for  summer  passage  for 
24  hours,  based  upon  fish  guidance  efficiency  (FGE)  estimates  calculated  for  the  ice- 
and-trash  sluiceway  and  through  Passive  Integrated  Transponder  (PIT)-tag  analyses. 
These  estimates  may  be  modified  based  upon  the  submerged  standard-length  screens 
installed  at  Ice  Harbor  Dam  in  1993.  The  gas  production  qualities  of  these  percent  spill 
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flows  are  highly  dependent  upon  total  flow  in  the  river,  in  that  as  total  river  flow 
increases  the  same  percentage  of  spill  applies  to  the  FPE  equation  resulting  in  a 
proportional  increase  in  spill  volume.  But,  percent  TDG  production  is  highly  dependent 
on  spill  volume.  The  ability  to  achieve  the  80-percent  FPE  becomes  diminished  as  total 
river  flow  increases  due  to  the  constraint  of  holding  spill  volume  below  the  25  thousand 
cubic  feet  per  second  (kefs)  cap  that  produces  120-percent  TDG.  This  is  measured  in 
the  tailrace  according  to  the  conditions  of  temporary  water  quality  waivers  issued  by 
Oregon  Department  of  Environmental  Quality  and  Washington  Department  of  Ecology. 

Currently,  the  powerhouse  turbines  are  operated  during  the  juvenile  fish 
migration  season  within  1  percent  of  peak  efficiency.  This  has  occurred  because  of  the 
assumption  that  Juvenile  fish  survival  through  the  turbines  is  greater  if  the  turbines  are 
operated  near  peak  hydraulic  efficiency.  This  limitation  translates  to  a  maximum 
powerhouse  flow  capacity  of  about  88  kefs,  which  is  equivalent  to  about  4.5  turbines  at 
maximum  capacity  instead  of  6  turbines.  (Maximum  powerhouse  discharge  capacity  is 
about  105  kefs  if  the  1 -percent  peak  efficiency  limitation  is  not  imposed.) 

It  was  envisioned  in  1976,  when  deflectors  were  installed  on  most  lower 
Snake  River  spillways,  that  all  available  turbine  units  would  be  operated  at  or  near  full 
capacity  in  ail  future  operations  of  Ice  Harbor  Dam,  thus,  highly  restricting  spill  flow  and 
maintaining  an  adequately  high  tailrace  elevation.  Since  1976,  there  have  been  times 
when,  due  to  the  lack  of  power  demand,  flows  through  powerhouse(s)  had  to  be 
reduced  and  more  flow  was  forced  over  the  spillway(s).  An  example  of  this  occurred 
during  the  high  flow  period  of  1993,  when  the  full  flow  of  the  lower  Snake  River  was 
passed  through  the  Little  Goose  Dam  spillway  at  night  because  of  low  power  demand. 

In  a  similar  situation,  high  spill  can  also  occur  due  to  maintenance  outages  of  turbine 
units,  as  happened  at  Ice  Harbor  Dam  in  1995.  Because  of  these  high  spills,  dissolved 
gas  supersaturation  levels  reached  greater  than  135  percent  of  saturation.  In  addition, 
turbines  are  not  always  available  during  the  spring  high-flow  season  because  of  long¬ 
term  scheduled  repair  and  maintenance  or  because  of  necessary  unscheduled  repairs. 

In  1993,  submerged  traveling  screens  were  installed  in  the  turbine  intakes 
at  Ice  Harbor  Dam,  and  diverted  fish  were  passed  through  14-inch-diameter  orifices 
into  the  ice-and-trash  sluiceway.  Prototype  tests  in  1987  at  Ice  Harbor  Dam  indicated 
FGE  of  about  78  percent  for  spring  Chinook  salmon  and  93  percent  for  steelhead 
(Brege  et  a/.,  1 988).  Despite  achieving  the  FPE  goal  of  80  percent  using  these  FGE 
values  for  the  calculation,  NMFS  required  the  U.S.  Army  Corps  of  Engineers  (Corps)  to 
spill  up  to  25  kefs  nightly  from  1800  to  0600  hours,  15  April  through  31  July.  This  was 
because  PIT-tag  derived  FGE  values  were  substantially  lower,  near  55  to  64  percent. 
Voluntary  spill  for  juvenile  fish  passage  was  limited  to  25  kefs  to  maintain  dissolved  gas 
levels  below  120  percent  of  saturation.  The  stated  reason  for  exceeding  the  FPE  target 
was  that  the  ice-and-trash  sluiceway  outfall  was  an  inadequate  passage  route  exit. 
Despite  exceeding  FPE,  similar  spill  levels  were  required  for  the  1994  and  1995 
juvenile  fish  outmigrations  with  spring  operations  of  25-kcfs  spill  across  24  hours  a  day 
between  10  May  and  15  June.  In  1996,  the  ice-and-trash  sluiceway  will  be  closed  due 
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to  the  operation  of  the  completed  juvenile  facility,  although  surface  bypass  testing  in 

1 995  indicates  that  surface  skimming  may  provide  the  highest  passage  percentage.  In 
addition,  a  suitable  outfall  will  be  in  place  for  the  juvenile  fish  outmigration.  It  does 
remain  likely  that  substantial  spill  levels  will  again  be  required  at  Ice  Harbor  Dam  in 

1996  to  achieve  Bi-Op  requested  conditions  between  15  April  and  31  August  and/or 
due  to  one  or  two  turbine  unit  outages  for  repair  or  maintenance. 

2.03.  BIOLOGICAL  EFFECTS. 

Dissolved  gas  supersaturation  in  the  Snake  River  can  lead  to  the  development 
of  “gas  bubble  disease,"  as  originally  described  by  Marsh  and  Gorham  (1905),  or,  as 
termed  later,  gas  bubble  trauma  by  Alderdice  and  Jensen  (1985).  The  impacts  of 
supersaturation  can  range  from  changes  in  behavior  to  mortality,  by  bubbles  forming  in 
and  on  the  bodies  of  aquatic  organisms  (Bouck,  1980). 

Fish,  amphibians,  and  aquatic  invertebrates  can  develop  gas  bubbles  in  their 
organs  and  tissues  (emphysema)  and/or  in  their  vascular  systems  (emboli).  The 
condition  can  produce  a  variety  of  signs  and  physiological  changes  that  can  often  be 
fatal,  but  not  necessarily  evident  upon  external  examination.  As  early  as  1900,  these 
effects  were  described  in  fish  (Gorman,  1900;  and  Marsh  and  Gorham,  1905).  Boyle 
(1942)  then  produced  these  same  effects  experimentally  in  fish.  These  authors 
described  external  signs  in  fish  as  bubbles  located  in  the  fins,  along  the  lateral  line, 
and  in  the  lining  of  the  mouth.  Internally,  bubbles  were  found  within  the  blood  vessels 
and  behind  the  eyes,  causing  exothalmia  (pop-eye).  Gas  emboli  in  blood  may  vary  in 
size  and  may  block  various-sized  blood  vessels,  thereby  impacting  multiple  pdrts  of  the 
body.  In  extreme  cases,  emboli  can  block  blood  flow  through  the  heart,  resulting  in 
death.  Death  may  occur  from  GBT  at  TDG  levels  as  low  as  103  percent  of  barometric 
pressure  in  shallow  water  (Colt  et  al.,  1986).  The  maximum  safe  level  for  free- 
swimming  organisms  in  the  field  remains  a  much  debated  issue,  although  the  Federal 
and  state  water  quality  standards  aim  to  control  TDG  below  110  percent. 

Adult  salmonids  are  physiologically  more  susceptible  to  the  effects  of  TDG 
supersaturation  than  juveniles  due  to  their  more  developed  organs  (White  et  al.,  1991). 
One  of  the  early  reports  of  GBT  was  made  by  Westgard  (1964).  He  reported  that  a 
1 19-percent  saturation  produced  blindness  from  GBT  in  34  percent  of  the  adult  spring 
Chinook  salmon  in  the  shallow  McNary  spawning  channel  in  1962.  Blinded  adults  had 
difficulty  spawning  with  a  pre-spawning  mortality  rate  that  was  82  percent  higher  than 
fish  that  were  not  blinded.  Blindness  and/or  cranial  blistering  (referred  to  as  head 
burns  or  scalping)  on  adult  salmonids  occurred  at  Snake  River  dams  immediately 
following  the  peak  duration  of  forced  spill  during  the  high  spring  flows  of  1993.  Bjornn 
et  al.  (1994)  outfitted  1 ,1 81  adult  spring  Chinook  salmon  with  radio  transmitters  at  the 
John  Day  trap  and  recaptured  255  of  these  at  Lower  Granite  Dam.  They  were 
examined  for  tags,  marks,  and  injuries.  None  of  the  spring  Chinook  had  external  signs 
of  GBT  or  "head  burns"  when  captured,  tagged,  and  released  from  John  Day  Dam.  At 
Lower  Granite  Dam,  24.3  percent  (62  of  255)  of  the  adult  Chinook  salmon  outfitted  with 


2-4 


transmitters  had  some  degree  of  cranial  blistering  following  less  than  15  days  exposure 
to  supersaturated  water. 

Concern  for  gas  supersaturation  in  the  Columbia  Basin  has  a  long  history 
associated  with  spill  at  the  hydroelectric  dams.  The  first  evidence  of  a  TDG 
supersaturation  problem  in  the  Columbia  River  system  was  documented  shortly  after 
Bonneville  Dam  became  operational.  There  were  reports  of  dead  adult  salmon 
prompting  several  investigations  by  the  Corps  and  the  various  fishery  agencies. 
Westgard  (1964)  observed  Chinook  salmon  suffering  from  gas  bubble  disease  at  the 
McNary  Spawning  Channel  in  1962.  In  the  mid  1960's,  it  gradually  became  evident 
that  a  TDG  problem  existed  in  the  Columbia  River  system  (Weitkamp  and  Katz,  1980). 
The  seriousness  of  the  situation  was  not  widely  accepted  until  1968  when  the  John  Day 
powerhouse  closed  and  supersaturation  ranging  from  120  to  140  percent  killed  an 
estimated  20,000  adult  (sockeye  and  summer  Chinook)  salmon  (Beininqen  and  Ebel 
1970;  Ebel,  1971). 

When  the  GBT  observations  were  extended  to  smolt  survival  (Ebel,  1969),  the 
threat  to  salmon  became  a  regional  concern.  In  response,  a  Tri-State  GovWnor's  Task 
Force  on  Nitrogen  Supersaturation  was  convened  to  address  the  problem.  Flow 
deflectors  were  constructed  on  the  spillways  of  five  of  the  eight  Federal  dams  on  the 
lower  Snake  and  Columbia  Rivers  as  an  interim  measure  to  reduce  TDG 
supersaturation  during  high  flows  until  more  turbines  units  could  be  installed  system 
wide  and  basin  storage  could  be  increased. 

The  signs  of  GBT  are  not  an  easily  demonstrated  cause-and-effect  relationship 
©cause  many  of  the  signs  occur  internally  and  disrupt  neurological,  cardiovascular, 
respiratory,  osmoregulatory,  and  other  multiple  physiological  functions  (Fidler  and 
Miller,  1994;  White  et  al.,  1991;  Weitkamp  and  Katz,  1980;  and  Stroud  et  ai,  1975). 
External  bubbles  can  block  the  flow  of  respiratory  water  across  the  gills  (Fidler  and 
Miller,  1994;  Jensen,  1980;  and  Shirahata,  1966).  The  GBT  is  believed  to  increase  the 
susceptibility  offish  to  other  stresses  such  as  bacterial,  viral,  and  fungal  infections 
(Weitkamp,  1976;  Nebeker  ef  a/.,  1976;  Sniesko,  1974;  and  Meekin  and  Turner,  1974). 
Bubble  growth  in  the  vascular  system  was  often  cited  as  a  principle  cause  of  mortality 
in  Columbia  River  studies  (Weitkamp  and  Katz,  1980),  but  other  symptoms  (extra¬ 
corporeal  bubbles  in  the  gills  and  sub-dermal  bubbles  on  the  skin  and  mouth)  were 
often  present  at  the  same  time  (Stroud  and  Nebeker,  1976,  Stroud  etai,  1975;  and 
Meekin  and  Turner,  1974).  It  remains  unclear  whether  the  various  symptoms  act  in 
concert  or  appear  due  to  different  exposure  regimes  of  increasing  TDG  concentrations. 

Fidler  and  Miller  (1994)  and  White  et  al.  (1991)  suggest  that  physiological  and 
behavioral  responses  occur  concurrent  with  achieving  TDG  concentration  thresholds  at 
principally  two  tiers  according  to  magnitude  and  duration  of  exposure.  White  et  al. 
(1991)  tested  the  results  of  a  literature  review  analysis  (over  1 ,000  records)  that 
suggested  a  lower  mortality  threshold  occurs  at  a  TDG  supersaturation  of  110  percent 
(1.1  atmospheres)  while  a  higher  mortality  threshold  occurs  at  1 15  to  1 19  percent. 
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Results  with  adult  rainbow  trout  indicated  that  the  lower  threshold  (110  percent)  is 
associated  with  a  combination  of  sub-dermal  bubble  growth  in  the  mouth  and  extra¬ 
corporeal  bubble  growth  between  the  gill  lamellae.  The  second  phase  of  experiments 
included  intravascular  microscopic  studies  and  confirmed  the  source  of  mortality  for  the 
lower  threshold  at  a  TDG  supersaturation  of  1 10  to  1 12  percent.  The  transition  from  a 
lower  TDG  threshold  to  an  upper  threshold  involved  a  shift  in  the  bubble-related 
mechanisms  that  lead  to  death.  At  the  lower  threshold,  sub-dermal  bubbles  in  the 
mouth  lining  and  extra-corporeal  bubbles  in  the  gill  lamella  act  to  block  the  exchange  of 
respiratory  gases.  At  a  TDG  of  1 15  percent,  the  extra-corporeal  bubbles  were  fewer 
and  could  even  disappear,  thus  increasing  the  time  to  mortality.  This  is  possibly  due  to 
larger  bubbles  being  dislodged  by  respiratory  water  flow  through  the  gills.  At  a  TDG 
between  1 1 5  and  119  percent,  intravascular  bubble  formation  began,  and  time  to 
mortality  decreased  with  increasing  TDG  levels.  At  these  higher  threshold  TDG  levels, 
sub-dermal  bubbles  in  the  mouth  lining  were  either  smaller  or  absent.  This  observation 
indicates  that  the  examination  of  only  external  symptoms  for  GBT  in  sample  fish  can  be 
misrepresentative  of  the  impact  to  the  population.  The  rapid  death  caused  by 
intravascular  bubbles  at  these  higher  TDG  levels  may  not  allow  time  for  sub-dermal 
bubbles  to  develop.  This  sequence  to  mortality,  correlated  with  data  from  the  literature, 
suggests  that  an  observer  may  falsely  conclude  that  some  relief  to  the  fish  may  occur  if 
that  observer  only  evaluates  external  symptoms  during  this  transition  from  the  lower  to 
the  higher  threshold. 

Although  the  existing  database  for  the  effects  of  TDG  supersaturation  on  in¬ 
river  migrating  salmonids  is  far  from  complete,  a  reasonable  amount  of  biological 
monitoring  data  on  steelhead  and  spring  Chinook  during  the  1993,  1994,  and  1995 
Snake  River  hydro-operations  has  been  compiled.  Recent  PIT-tag  survival  data 
suggest  that  sublethal  impacts  occur  in  juvenile  Chinook  exposed  to  12-hour  spill 
plumes  containing  115-percent  TDG  saturation.  Lethal  impacts  occurred  with  acute 
exposure  of  +1 30-percent  TDG  below  Ice  Harbor  Dam  following  12-hour  spill  plume 
exposures  containing  120-percent  TDG  saturation  (Cramer  etal.,  1996;  NMFS  memo 
authored  by  S.  Smith,  March  1996).  Both  physical  and  biological  principles  found  in 
the  literature  are  supported  by  these  more  focused  analyses  for  1995,  although  direct 
mechanisms  remain  untested.  These  analyses  suggest  that  fish  condition  and 
maintained  depth  and  rate  of  travel  determine  variable  exposure  histories.  When  these 
mechanisms  are  correlated  with  percent  TDG  thresholds,  they  can  be  substantial  in  the 
actual  expression  of  the  rate  and  magnitude  of  the  effects  of  TDG  supersaturation. 
However,  smolts  are  subjected  to  changes  in  pressure  from  the  changing  water  depths 
required  to  successfully  pass  through  both  submerged  bypass  and  spillway  routes. 
Although  actual  observation  of  GBT  in  juvenile  salmonids  within  the  1 10-  to 
120-percent  TDG  saturation  range  is  difficult  to  detect  through  visual  inspection  alone 
(thus  eluding  a  direct  cause-and-effect  relationship  to  mortality),  bubble  formation  in 
the  vascular  system  and/or  gill  lamellae  is  well  documented  (Fish  Passage  Center 
weekly  reports,  1993)  and  is  typically  present  when  mortality  does  occur  (National 
Biological  Survey-Cook  shallow  water  experiments,  M.  Mesa,  personal  communication. 
Cook,  WA,  October  1 995). 
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Laboratory  bioassays  conducted  on  juvenile  brown  and  rainbow  trout  by  White 
etal.  (1991)  indicated  that  no  significant  mortality  occurred  in  the  1 12-percent 
supersaturation  treatment,  except  during  2  tests  when  it  exceeded  1 1 3  percent  of 
barometric  pressure.  Their  report  suggests  that  a  critical  threshold  exists  between 
113  and  117  percent  of  barometric  pressure  for  juvenile  trout.  This  is  slightly  higher 
than  the  initial  threshold  level  (1 10  to  112  percent)  identified  in  the  physiology  studies 
with  adult  trout.  As  the  juvenile  trout  grew,  they  became  more  susceptible  to  a 
125-percent  TDG  supersaturation.  Juvenile  brown  trout  that  were  repeatedly  exposed 
to  a  1 18-percent  TDG  supersaturation,  with  30  days  allowed  between  exposures  for 
recovery,  developed  more  severe  symptoms  with  each  new  exposure.  This  study 
suggests  that  the  assumption  that  salmonids  can  fully  recover  from  intermittent  or 
repeated  exposures  at  greater  than  a  1 10-  to  1 15-percent  TDG  supersaturation  is 
questionable  and  should  be  avoided  during  operational  conditions  where  fish  travel 
time  becomes  slowed. 

As  previously  stated,  hydrostatic  pressure  is  increased  in  water  with  depth,  thus 
greatly  enhancing  the  capacity  of  deeper  water  to  hold  dissolved  gases.  Approximately 
10  percent  more  gas  can  be  held  in  solution  at  equilibrium  for  each  meter  of  water 
depth.  As  a  result,  it  is  a  common  assumption  that  fish  may  sound  to  some 
compensation  depth  to  escape  or  moderate  the  effects  of  TDG  supersaturation. 
Empirical  data  collected  during  the  spill  tests  conducted  during  the  1992  Physical 
Drawdown  Test  of  Lower  Granite  and  Little  Goose  Reservoirs  (Wik  et  ai,  1 994) 
indicated  that  intermediate  and  maximum  supersaturation  levels  were  evenly 
distributed  vertically  throughout  the  water  column  as  the  parcel  of  water  traveled 
downstream.  In  general,  dissolved  gas  concentrations  are  evenly  distributed  vertically. 
Fish  that  maintain  a  position  below  the  compensation  depth  continue  to  accumulate  a 
body  burden  of  supersaturated  dissolved  gas  in  excess  of  near-surface  equilibrated 
conditions  when  the  water  is  supersaturated  with  TDG.  Bubble  formation  in  the 
vascular  system  may  be  suppressed  and  not  expressed  until  the  fish  rise  nearer  the 
water  surface  when  passing  or  exiting  one  of  the  routes  through  a  dam. 

No  research  has  conclusively  established  whether  fish  actively  or  instinctively 
seek  deeper  water  (if  available)  to  avoid  higher  levels  of  dissolved  gas  supersaturation, 
or  if  fish  that  prefer  deeper  water  habitat  survive  better  than  fish  that  inhabit  shallow 
water.  Fidler  (1985)  found  that  fish  physiologically  begin  to  lose  control  of  the 
regulation  of  their  swim  bladder  through  the  pneumatic  duct  at  gas  levels  near 
111  percent.  Alderdice  and  Jensen  (1985)  recommended  that,  in  order  to  prevent  the 
acute  mortality  of  juvenile  salmonids  and  adult  sockeye  in  the  Nechako  River,  total  gas 
pressures  should  be  managed  below  110  percent.  This  recommendation  was  based 
upon  their  observations,  wherein  a  significant  amount  of  the  test  salmonid  population 
previously  exposed  to  gas  levels  of  110  to  112  percent  of  barometric  pressure  swam  to 
and  remained  within  the  shallow  water  depths  containing  high  TDG  supersaturation 
when  deeper  water  allowing  compensation  was  provided  and  directly  available.  The 
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results  of  Alderdice  and  Jensen  (1985)  tend  to  support  the  physiological  limitation 
presented  by  Fidler  (1985)  and  fit  within  the  bounded  estimates  between  chronic  and 
acute  GBT  risk  (108-  to  1 16-percent  TDG)  modeled  by  Jensen  et  al.  (1986). 
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SECTION  3.0  -  POTENTIAL  SOLUTIONS  TO  TOTAL  DISSOLVED  GAR  rTnn^ 
SUPERSATURATION  AT  ICE  HARBOR  DAM 


3.01.  GENERAL 

Potential  alternatives  for  controlling  or  reducing  TDG  production  at  Ice  Harbor 
Dam  are  described  and  evaluated  in  the  following  paragraphs. 

3  02.  ELIMINATION  OR  REDUCTION  OF  SPII  I 

a-  Eliminate  or  Reduce  Spilling  for  Juvenile  Fish  Passana 

There  are  two  options  under  this  alternative.  The  first  would  be  to 
completely  eliminate  spilling  for  juvenile  fish  passage  purposes.  This  would  stop  the 
high  TDG  levels  associated  with  these  spills.  However,  this  option  would  not  fulfill  the 
goals  of  the  regional  fishery  interests  for  fish  passage  efficiency  (FPE)  and  would  not 

reduce  the  high  TDG  levels  that  occur  when  river  discharges  exceed  powerhouse 
capacity. 


The  second  option  is  to  install  extended-length  screens  in  the  turbine 
intakes  to  improve  the  fish  guidance  into  the  bypass  system.  This  could  at  least  reduce 
and  possibly  eliminate  spill  for  Juvenile  fish  passage  and  still  achieve  requested  FPE 
goals.  However,  again  like  the  first  option,  this  would  not  help  to  reduce  high  TDG 
levels  that  occur  when  river  discharges  exceed  powerhouse  capacity. 

This  alternative  is  not  considered  a  feasible  alternative  due  to  the  above 

factors. 

b  Reduced  Spill  with  High  Fish  Passage  (Surface  Rnill) 

Raymond  and  Sims  (1980)  tested  diel  movement  patterns  associated  with 
surface  spill  and  turbines.  They  concluded  that  surface  spilling  at  John  Day  Dam  could 
have  high  potential  as  a  downstream  salmon  passage  route.  Their  computed  survival 
ranged  from  96.5  to  1 1 9  percent,  with  a  95-percent  confidence  interval  for  mortality  (not 
significantly  different  from  zero).  Preliminary  surface  collection  studies  conducted 
hydroacoustically  at  Ice  Harbor  Dam  during  1995  also  support  the  implications  of  the 
John  Day  Dam  study  indicating  that  percent  passage  attributable  to  surface  spill 
treatments  was  substantially  increased  over  deep  spill  comparisons.  Structural 
modifications  would  be  required  to  convert  the  tainter  gate  regulated  spill  released  at 
+40  feet  of  depth  to  a  new  surface  spill  gate  configuration  (e.g.,  roller  gate).  The 
Raymond  and  Sims  (1980)  study  supports  the  gas  abatement  concept  that  reducing 
spill  volume  while  providing  for  a  high  fish  passage  rate  (also  known  as  Well’s  Dam 
without  the  need  for  an  entire  hydrocombine-type  redesign)  would  equate  to  less  TDG 
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production  potential.  The  primary  objective  of  increased  nonturbine  passage  and 
improved  smolt  survival  would  be  satisfied. 

3.03.  OPERATIONAL  CHANGES. 


a.  General. 

In  March  1995,  personnel  from  the  Waterways  Experiment  Station 
conducted  a  field  investigation  of  four  spillways  on  the  lower  Columbia  and  Snake 
Rivers.  The  objective  of  the  field  study  was  to  collect  TDG  data  to  describe  the  gas 
transfer  characteristics  of  each  spillway.  This  was  accomplished  by  measuring 
dissolved  gas  levels  upstream  and  downstream  of  each  dam  over  a  range  of 
discharges  through  a  single  spill  bay.  A  plot  of  TDG  versus  spill  discharge  [in  terms  of 
gate  stops  with  approximately  1 ,700  cubic  feet  per  second  (cfs)  per  spill  bay  per  gate 
stop]  for  the  Ice  Harbor  Dam’s  single  spill  bay  spill  test  is  shown  in  figure  3.1 .  Results 
show  that  TDG  saturation  levels  remain  below  125  percent  for  spill  discharges  up  to 
about  2,200  cfs  per  spill  bay.  Levels  peak  at  about  140  percent  with  a  discharge  of 
7,000  cfs  per  spill  bay  (4  gate  stops)  and  then  drop  below  125  percent  for  discharges 
greater  than  approximately  17  thousand  cubic  feet  per  second  (kefs)  per  spill  bay 
(10  gate  stops).  In  an  effort  to  reduce  TDG  levels  when  spilling,  an  alternate  spill 
pattern  was  developed.  This  pattern  eliminates  the  use  of  gate  stops  3  through  7  that 
produced  the  highest  dissolved  gas  levels. 


Ice  Harbor  Dissolved  Gas  Spillway  Test 
Percent  TDG  versus  Gate  opening  /  Discharge 
(Wilhelms,  March  1995) 


3-2 


b.  Spill  Pattern  Evaluation. 


Two  tests  were  conducted  during  the  1995  spill  season  to  evaluate  the 
alternate  spill  pattern.  One  test  was  conducted  on  25  May  with  a  total  spill  discharge  of 
45.5  kefs  and  another  on  6  June  with  a  total  spill  discharge  of  73.8  and  64.5  kefs.  The 
TDG  gas  levels  were  monitored  by  boat  along  transects  below  the  spillway  for  both  the 
standard  spill  pattern  (table  1)  and  the  alternate  pattern  (table  2).  The  results  of  these 
tests  are  summarized  below. 


Testi  (25  May  1995) 

Test  2  (6  June  1995) 

Pattern 

Standard 

Alternate 

Standard 

Alternate 

Total  Flow 

113  (kefs) 

113  (kefs) 

1 35  (kefs) 

1 43  (kefs) 

Spill 

Discharge 

45.5  (kefs) 

45.5  (kefs) 

64.5  (kefs) 

73.8  (kefs) 

Percent  TDG 
Forebay 

117 

116 

111 

112 

Percent  TDG 
Spill 

136 

129 

,136 

131 

The  TDG  levels  given  for  spill  discharge  are  an  average  of  data  collected 
along  a  transect  adjacent  to  the  fixed  monitoring  station  downstream  of  the  spillway. 

Due  to  an  increase  in  total  river  discharge  during  the  6  June  test,  it  was  not  possible  to 
evaluate  the  alternate  and  standard  patterns  at  the  same  spill  discharge.  The  alternate 
spill  pattern  was  implemented  following  the  25  May  test.  The  TDG  data  recorded  by 
the  downstream  fixed  monitoring  station  for  the  1995  spill  season  is  shown  for  both  the 
standard  and  alternated  spill  patterns  in  the  figure  3-2.  The  alternate  pattern  does  not 
deviate  from  the  standard  pattern  until  total  spill  discharge  exceeds  32  kefs. 

Although  a  slight  reduction  in  the  TDG  was  noticed,  saturated  gas  levels 
still  exceeded  120  percent  with  spill  greater  than  25  kefs.  The  TDG  levels  may  be 
reduced  by  as  much  as  7  percentage  points  during  high  spill  discharges  of  60  to 
70  kefs.  However,  before  implementing  the  alternate  spill  pattern  for  daytime 
operations,  the  hydraulic  conditions  in  the  tailrace  must  be  evaluated  for  impacts  on 
adult  fish  passage.  It  is  possible  to  operate  the  alternate  pattern  during  night  spill  when 
the  adult  fish  cease  to  move  into  the  fishways. 
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(Figure  3-2) 
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♦  Monitored  Standard  Spill 
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3.04.  MODIFIED  STILLING  BASIN, 
a.  General. 

A  stilling  basin  serves  to  dissipate  the  kinetic  energy  of  water  spilling  over  a 
spillway.  The  dissipation  of  energy  is  necessary  to  prevent  excessive  erosion  and 
undesirable  hydraulic  conditions  in  the  tailrace.  To  dissipate  the  water’s  kinetic  energy, 
the  stilling  basins  are  designed  to  create  and  contain  the  formation  of  a  hydraulic  jump. 
For  the  classical  hydraulic  jump  to  form,  the  stilling  basin  must  be  designed  within 
certain  proportions  with  respect  to  the  entering  flow  depth  (di)  and  the  basin  depth  (d2). 

The  Ice  Harbor  Dam  spillway  is  designed  to  dissipate  energy  of  all  spillway 
discharges  up  to  the  spillway  design  flood  (SDF)  of  850  kefs.  Hydraulic  analysis  of  the 
Ice  Harbor  Dam  spillway  shows  that  the  design  dj  depth  for  the  SDF  is  70  feet. 

Although  the  basin  invert  elevation  has  been  established  to  form  the  hydraulic  jump  at 
the  SDF,  the  basin  normally  functions  at  significantly  lower  discharges.  The  available 
d2  depth  (tailwater  elevation  minus  invert  elevation)  at  Ice  Harbor  Dam  ranges  between 
36  and  52  feet  for  total  river  discharges  up  to  300  kefs.  Ice  Harbor  Dam  has  a  much 
higher  concentration  of  dissolved  gas  than  The  Dalles  Dam  because  of  its  greater 
available  d2  depth.  The  greater  d2  depth  is  required  to  dissipate  a  much  higher  unit 
energy  for  the  SDF  at  Ice  Harbor  Dam  than  is  required  for  The  Dalles  Dam.  To  reduce 
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the  concentration  of  dissolved  gas  in  the  flow  released  from  a  stilling  basin,  an  obvious 
solution  is  to  raise  the  invert  elevation  of  the  stilling  basin. 

b.  Potions. 

Two  alternatives  have  been  considered  for  a  raised  stilling  basin  floor.  The 
first  alternative  is  a  raised  basin  that  extends  approximately  220-feet  downstream  from 
the  toe  of  the  spillway  to  match  the  tailrace  at  elevation  322.  The  second  alternative  is 
a  stepped  basin  with  the  primary  basin  at  elevation  322  and  the  secondary  basin  at 
elevation  304.  Both  alternatives  allow  the  hydraulic  jump  to  form  on  a  shallow  basin 
floor  for  flows  up  to  the  5-year  event. 

(1)  Alternative  1  -  Raised  Stilling  Basin.  Raised  Basin  Floor 

Raising  the  stilling  basin  floor  to  match  the  existing  tailrace  at 
elevation  322  would  reduce  the  dissolve  gas  concentration  of  spill  by  reducing  the 
excess  available  d2  depth  of  flows  within  the  normal  operating  range.  Such  a  basin 
would  have  TDG  transfer  characteristics  similar  to  The  Dalles  Dam.  Preliminary 
analyses  show  a  basin  elevation  of  322  provides  a  d2  depth  sufficient  to  create  the 
hydraulic  jump  on  the  basin  floor  for  spillway  discharges  up  to  120  kefs  with  a 
powerhouse  of  88,750  cfs.  These  flows  represent  a  5-year  event  at  Ice  Harbor  Dam 
and  provide  a  tailwater  elevation  of  approximately  353.  The  shallow  stilling  basin 
would  perform  very  much  like  The  Dalles  Dam.  Based  on  the  spillway  performance  test 
of  The  Dalles  Dam,  the  TDG  levels  are  expected  to  reach  1 1 8  percent  at  discharges  of 
5,000  cfs  per  spill  bay  and  would  then  decrease  to  approximately  112  percent  with 
increased  discharges  to  1 1  kefs  per  spill  bay.  However,  this  solution  would  allow  large 
spillway  discharges  (including  the  standard  project  flood)  to  sweep  through  the  basin. 
The  high  kinetic  energy  would  dissipate  elsewhere  downstream  in  an  uncontrolled 
manner.  Such  dissipation  could  result  in  scour  and  redeposition  of  alluvial  bank  and 
bed  gravels  as  well  as  bedrock  material  in  the  tailrace,  navigation  channel,  and  the 
surrounding  area.  Preliminary  cost  estimates  were  developed  to  show  the  general 
magnitude  of  the  construction  cost.  The  cost  analysis  for  the  raised  basin  was 
completed  for  the  DissolvBd  Gas  Abafemenf  Study,  PhssG  I,  Technical  Report,  April 
1996.  The  construction  cost  for  the  raised  basin  was  estimated  at  about  $28  rnillion. 

(2)  Alternative  2  -  Raised  Stilling  Basin.  Negative  Step  Stilling  Basin 

A  solution  for  a  raised  stilling  basin  floor  that  would  avoid  an 
unacceptable  sweep-out  would  be  to  construct  a  deeper  stilling  basin  immediately 
downstream  from  a  raised  stilling  basin  floor.  This  type  of  structure  is  termed  a 
negative  step  or  abrupt  drop  stilling  basin.  It  consists  of  two  sections,  a  primary  basin 
and  a  secondary  basin.  A  primary  basin  is  the  upstream  portion  with  a  basin  floor  at 
the  higher  elevation.  The  secondary  basin  is  the  downstream  portion  with  a  lower 
elevation  basin  floor. 
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A  negative  step  basin  has  been  analyzed  for  the  John  Day  and  Ice 
Harbor  Dams  by  Summit  Technology,  Inc.  The  analyses  and  report  prepared  by 
SummitTechnology,  Inc.  for  the  U.S.  Army  Corps  of  Engineers,  Portland  and  Walla 
Walla  Districts  is  included  in  the  Dissolved  Gas  Abatement  Study,  Phase  /,  Technical 
Report,  April  1996.  The  negative  step  stilling  basin  analyzed  for  Ice  Harbor  Dam  will 
allow  frequently-occurring  discharges  to  form  a  hydraulic  jump  entirely  on  the  primary 
basin.  It  will  also  allow  the  larger  discharges  to  form  a  hydraulic  jump  either  entirely  on 
the  secondary  basin  or,  partially  on  the  primary  basin  and  on  the  secondary  basin. 
Preliminary  analysis  and  calculations  performed  by  Summit  Technology,  Inc.,  indicate 
that  the  negative  step  basin  would  have  a  primary  basin  elevation  of  322  and  a 
secondary  basin  elevation  of  304.  This  configuration  will  permit  the  hydraulic  jump  to 
form  on  the  primary  apron  for  all  flows  up  to  15  kefs  per  spill  bay  (120  kefs  for 
8  of  10  spill  bays)  and  a  powerhouse  flow  of  88,750  cfs  for  a  total  river  discharge  of 
208,750  cfs.  These  flows  represent  a  5-year  event  at  Ice  Harbor  Dam. 

The  lengths  of  the  primary  basin  and  the  secondary  basin  are  each 
1 80  feet.  The  secondary  basin  would  be  excavated  into  the  channel  bedrock  to  invert 
elevation  304  and  would  not  be  concrete  lined,  and  both  sides  of  the  basin  would 
require  concrete  training  walls. 

Summit  Technology,  Inc.,  used  a  computer  program,  developed  by 
Northwest  Hydraulic  Consultants,  Inc.,  to  predict  the  TDG  level  of  the  spill  discharge 
released  through  the  negative  step  basin.  This  program  was  based  on  a  U.S.  Bureau 
of  Reclamation  concept  (P.L.  Johnson,  Predictions  of  Dissolved  Gas  at  Hydraulic 
Structures,  USBR,  1975).  The  dissolved  nitrogen  percentages  were  predicted  for  flows 
that  would  form  a  hydraulic  jump  on  the  primary  basin.  These  predictions  were  for  total 
river  discharges  of  1 1 0  to  230  kefs  at  Ice  Harbor  Dam  and  show  that  the  raised  basin 
may  reduce  the  dissolved  nitrogen  by  about  20  percent.  However,  based  on  prototype 
spillway  tests  of  lower  Snake  and  Columbia  River  projects,  there  is  some  indication  that 
the  negative  step  basin  may  have  performance  characteristics  between  that  of  The 
Dalles  Dam,  which  has  a  shallow  stilling  basin  and  tailrace,  and  those  spillways  that 
have  deflectors  and  a  deep  tailrace. 

The  step  stilling  basin  prevents  the  lower  discharges  from  plunging  to 
the  full  depth  of  the  existing  basin  as  do  the  deflectors.  Spillway  deflector  model 
studies  indicate  that  flows  greater  than  about  5,000  cfs  per  spill  bay  have  sufficient 
turbulent  energy  available  for  air  entrapment  in  the  deep  stilling  basin.  These 
conditions  will  likely  occur  with  a  step  basin  and  may  result  in  gas  levels  of  120  percent 
and  above.  Construction  costs  for  the  negative  step  stilling  basin  was  estimated  by 
Summit  Technology,  Inc.  to  be.  about  $52  million. 

c.  Engineering  Evaluation. 

The  major  cause  for  the  high  concentration  of  dissolved  gas  at  Ice  Harbor 
Dam  is  the  depth  of  the  stilling  basin.  Under  normal  spill  conditions  the  available  62 


3-6 


depth  is  greater  than  the  required  62  depth.  The  excessive  available  d2  depth  exposes 
the  entrained  air  bubbles  to  high  internal  hydrostatic  pressures.  A  raised  stilling  basin 
reduces  the  depth  of  entrainment  and  will  limit  the  production  of  TDG.  Raising  the 
basin  18  feet  will  limit  the  production  of  TDG  to  less  than  120  percent  and  provide 
conditions  sufficient  to  dissipate  the  energy  of  spill  discharges  up  to  120  kefs.  The 
hydraulic  jump  of  higher  discharges  will  be  swept  from  the  basin,  allowing  the  energy  to 
dissipate  elsewhere  downstream  in  an  uncontrolled  manner.  Although  these  hydraulic 
conditions  can  be  model  tested,  the  effects  on  stream  bed  erosion  and  resulting 
impacts  on  the  navigation  lock,  guidewall,  and  other  appurtenant  structures  are  difficult 
to  predict.  An  extensive  study  of  the  hydraulic  conditions  and  risk  analysis  is  needed 
before  such  an  alternative  could  be  implemented. 

A  negative  step  stilling  basin  is  a  two-part  basin.  The  hydraulic  jump 
resulting  from  normal  discharges  (discharges  up  to  120  kefs)  forms  entirely  on  a 
primary  basin  that  is  elevated  to  reduce  the  depth  of  air  entrainment.  A  deeper 
secondary  basin  stepped  down  from  the  primary  basin  is  designed  to  contain  the 
hydraulic  jump  of  the  higher  spill  discharges  including  the  SDF  of  850  kefs.  As  spill 
discharges  increase,  the  effectiveness  of  the  basin  with  respect  to  gas  production  is 
reduced..  Entrained  air  bubbles  can  be  carried  to  depth  in  the  secondary  basin 
resulting  in  higher  gas  levels.  This  basin  functions  similar  to  the  spill  deflectors,  in  that 
the  low  flows  are  deflected  and  prevented  from  plunging  to  the  full  depth  of  the  basin; 
and  the  high  flows  are  allowed  to  override  the  deflectors  and  utilize  the  full  basin  depth 
for  energy  dissipation. 

Since  air  bubbles  cannot  be  accurately  modeled  and  there  are  no  available 
step  basins  to  provide  prototype  results,  it  is  difficult  to  predict  the  gas  production  for 
the  negative  step  basin  alternative.  Model  studies  are  needed  for  further  evaluation  of 
the  raised  basin  and  negative  step  basin.  Negative  step  stilling  basins  are  not  common 
and,  as  such,  only  limited  information  has  been  found  to  guide  the  design.  Also,  no 
information  has  been  found  to  indicate  that  this  typed  of  basin  has  ever  been  used  to 
limit  supersaturation  of  dissolved  gas. 

A  sectional  model  of  the  spillway  should  be  used  to  confirm  calculated 
elevations  and  assess  performance  of  the  two  basin  alternatives  with  respect  to  the 
hydraulic  jump  formation  and  aeration  characteristics.  The  sectional  model  would  also 
provide  for  an  assessment  of  the  potential  for  bedrock  erosion.  The  Ice  Harbor  Dam 
general  model  should  be  used  to  evaluate  the  effects  of  high  and  normal  flow 
conditions  on  navigation  and  adult  fish  passage.  This  model  would  also  be  used  to 
investigate  the  need  for  training  walls  and  to  evaluate  the  hydraulic  conditions  in  the 
tailrace  and  downstream  channel.  The  general  model  should  also  provide  insight  into 
rock  movement  within  and  downstream  of  the  stilling  basins. 
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3.05.  DEFLECTORS. 


a.  Description. 

Spillway  deflectors  serve  to  reduce  the  plunge  depth.  The  spillway 
discharge  is  deflected  horizontally  and  skims  across  the  surface  instead  of  plunging  the 
full  depth  of  the  basin.  Unfortunately,  the  spillway  deflectors  have  a  very  limited 
effective  operating  range. 

b.  Evaluation. 

It  is  estimated  that  installing  deflectors  on  the  Ice  Harbor  Dam  spillway 
would  reduce  TDG  levels  by  up  to  5  to  1 0  percentage  points  {e.g. ,  reduce  TDG  from 
120  percent  to  110-  to  1 15-percent  saturation).  Even  this  small  amount  of  reduction 
can  have  significant  biological  benefits.  This  estimated  reduction  is  based  on  an 
extrapolation  of  data  collected  at  Lower  Monumental  Dam  (both  before  and  after  the 
addition  of  deflectors)  to  Ice  Harbor  Dam  (the  spillway  design  of  these  two  projects  is 
very  similar).  Sectional  model  tests  indicate  that  this  maximum  reduction  of  TDG  is 
likely  to  occur  for  spill  discharges  up  to  60  kefs. 

3.06.  SUMMARY. 

Reducing  or  eliminating  spills  for  juvenile  fish  passage  is  not  a  feasible 
alternative  currently  and  would  not  provide  any  reduction  in  TDG  levels  during  times  of 
high  river  discharges  requiring  the  use  of  the  spillway  to  pass  excess  flows.  Making 
changes  to  the  operation  of  the  spillway  have  proven  to  be  an  ineffective  way  to  make 
significant  reductions  in  TDG  levels.  Also,  there  is  insufficient  information  available,  at 
this  time,  to  recommend  modifying  the  stilling  basin.  However,  spillway  deflectors  do 
provide  significant  reductions  in  TDG  levels;  though  they  have  limited  ranges  of 
effectiveness  and  do  not  completely  eliminate  concerns  about  high  TDG  levels 
resulting  from  the  use  of  the  spillway. 
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SECTION  4.0  -  BIOLOGICAL  EVALUATIONS  OF  DEFLFHTnRS 


4  01.  REVIEW  OF  JUVENILE  FISH  SURVIVAL  OVER  SPILLWAYS 

The  Ice  Harbor  Spillway  Deflectors  Letter  Report  (October  1994;  preliminary) 
reviewed  historical  survival  tests  conducted  with  juvenile  fish  passing  over  spillways 
(see  section  5.02. a.).  In  general,  direct  mortality  has  been  estimated  to  be  no  greater 
than  3  percent  [March  2,  1995,  National  Marine  Fisheries  Service  Biological  Opinion, 
Reinitiation  of  Consultation  on  1994-1998  Operation  of  the  Federal  Columbia  River 
Power  System  and  Juvenile  Transportation  Program  in  1995  and  Future  Years  (Bi-Op)]. 
Indirect  mortality  associated  with  spill  and  the  potential  negative  effects  of  spill  that  may 
occur  due  to  gas  supersaturation  are  not  well  known. 

The  Ice  Harbor  Spillway  Deflectors  Letter  Report  also  referenced  tests 
conducted  with  juvenile  fish  with  deflector  and  non-deflector  bays  (see  section  5.02.b.). 
In  summary,  two  data  sets  (Johnson  and  Dawley,  1974;  and  Muir  etal.,  1995,  as 
supported  by  Iwamoto  et  al.,  1994)  suggest  no  statistically  significant  difference  in 
survival  between  deflector  and  non-deflector  spill  bays,  although  measurable 
differences  of  4-  to  5-percent  less  survival  with  deflectors  were  found.  A  third  data  set 
(Long  et  al.,  1975)  suggests  higher  mortality  with  a  non-deflector  spill  bay.  If  the  Long 
et  al.,  data  is  in  fact  an  anomaly  [National  Marine  Fisheries  Service  (NMFS),  personal 
communication],  installation  of  deflectors  may  actually  decrease  the  survival  of  juvenile 
migrants  by  up  to  5  percent.  It  is  important  to  note  that  neither  of  these  studies  resulted 
in  survival  differences  that  were  statistically  significant,  but  the  trend  in  measurable 
negative  differences  raises  a  concern  as  to  probability  in  the  successful  ability  to  derive 
net  biological  benefit  of  deflector  installation.  This  caution  is  due  to  the  trade-offs 
between  the  need  to  incrementally  reduce  percent  total  dissolved  gas  (TDG)  for  some 
interim  Umeframe  and  the  ability  to  reestablish  optimal  localized  hydraulic  conditions 
conclusive  to  a  no-net  loss  in  smolt  survival. 

Any  potential  spillway  modification  needs  to  be  evaluated  with  regard  to  direct 
and  indirect  effects  on  salmonid  mortality.  Direct  mortality  includes  immediate  death 
specifically  associated  with  passage  through  the  spillway  and  stilling  basin,  whereas 
indirect  mortality  relates  to  factors  causing  death  through  related  secondary  vectors 
such  as  increased  susceptibility  to  perdition.  Bell  (1972),  Bell  and  DeLacy  (1972),  and 
Ruggles  and  Murray  (1983)  comprehensively  reviewed  existing  data  on  the  survival  of 
fish  passing  through  spillways.  They  describe  seven  mechanisms  independent  of 
dissolved  gas  effects  in  which  fish  may  be  injured  upon  passage  through  spillways: 

a.  Rapid  pressure  change. 

b.  Rapid  deceleration. 

c.  Shearing  effects. 
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d.  Degree  of  turbulence. 

e.  Striking  force  of  fish  on  the  water  surface. 

f.  Scraping  and  abrasion. 

g.  Length  of  time  juveniles  spend  in  highly  turbulent  water. 

More  basic  research  is  needed  on  existing  structure  designs  and  materials 
because  little  information  is  available  that  describes  the  relative  importance  of  each  of 
these  factors  on  fish  survival.  Bell  and  DeLacy  (1972),  and  Ruggles  and  Murray  (1983) 
reviewed  the  factors  on  fish  response  to  impacts  on  structures,  abrasion  on  rough 
concrete  faces,  various  forces  associated  with  deceleration,  and  the  types  of  injuries 
sustained.  Some  studies  such  as  Groves  (1972)  discussed  the  effects  of  shearing 
forces,  which  are  differences  in  velocity  flow  planes  causing  excessive  acceleration 
and  deceleration.  Groves  (1972)  revealed  damage  to  fingerlings  coming  into  contact 
with  water  moving  in  excess  of  30  feet  per  second.  Their  hypothesis  suggests  that  fish 
can  be  injured  in  a  high  energy  flow  where  momentary  localized  points  of  sharp  velocity 
differences  occur.  Under  best  passage  conditions  (hydraulics  associated  with  the  jet). 
Bell  and  DeLacy  (1972)  hypothesized  a  93-  to  98-percent  survival  range  under  best 
hydraulic  conditions  through  a  hydraulic  jump  or  large  and  deep  stilling  basin  without 
mechanical  deflection  (such  as  encounter  with  a  baffle)  could  equal  survival  under  best 
free  fall  conditions.  Tailrace  hydraulics  associated  with  the  jet  reentering  the  spillway 
basin  and  associated  shears  apparently  determine  the  level  of  survival  within  this 
range.  They  suggest  that  survival  rates  could  approach  zero  for  fish  striking  a  fixed 
baffle  or  object  in  the  jet  pathway  exiting  the  spillway.  This  physical  processes  the 
engineering  objective  of  baffle  placement  for  enhancing  water  energy  dissipation. 
Ruggles  and  Murray’s  (1983)  conclusions  are  consistent  with  those  of  Bell  and  DeLacy 
(1972)  and  Bell  (1972),  suggesting  that  turbulence  in  the  energy  dissipating  area 
should  be  minimized  by  lengthening  the  crest  of  the  spillway,  deepening  the  stilling 
basin,  increasing  the  cross  sectional  area  of  the  spill,  or  dissipating  the  energy  in 
several  stages. 

Flow  deflectors  have  been  designed  to  change  localized  hydraulic  conditions 
and  affect  survival  based  upon  tri-depth  velocity  magnitude  and  direction  estimates 
derived  from  physical  model  testing.  At  some  flows  and  gate  patterns,  non-deflector 
spill  bay  operation  for  adult  salmon  ladder  entrance  attraction  can  create  submerged 
lateral  flow  directly  below  adjacent  deflector’s  vertical  face,  while  surface  flow  can  be 
directed  back  toward  the  spill  bay  to  be  recirculated.  The  1994  Lower  Monumental 
data  set  may  be  showing  the  range  in  survival  associated  with  best  jet  conditions  for 
passage  at  a  spillway  spill  bay  [e.g.,  98-percent  survival  with  the  non-deflector  spill  bay 
(representative  of  better  localized  hydraulic  conditions)  versus  93  percent  with  a 
deflector  (representative  of  affected  localized  hydraulic  conditions)].  This  relationship 
appears  to  be  supported  by  Bell’s  (1972)  and  Bell  and  DeLacy’s  (1972)  review.  While 
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it  is  not  known  if  similar  hydraulic  mechanisms  are  involved  at  Ice  Harbor  Dam,  it  is 
likely  that  similar  effects  would  be  associated  with  the  installation  of  deflectors, 

4  02.  CURRENT  AND  PROBABLE  FUTURE  SYSTEM-WIDE  OPERATIONS 

System  operation  has  critical  weight  on  the  biological  benefits  attributable  to  the 
addition  of  spillway  deflectors  at  a  single  dam.  If  the  hydrosystem  is  operating  under 
an  extended  high  spill  schedule  (greater  than  3  days  voluntary  or  involuntary  spill), 
deflectors  at  a  single  dam  would  have  no  biological  effectiveness  rating  for  improving 
smolt  survival  at  the  system-wide  scale.  If  the  hydrosystem  is  operated  under  a  full 
powerhouse  schedule,  the  elevated  TDG  supersaturation  resulting  from  2  to  3  days  of 
peak  runoff  flows,  forcing  involuntary  spill,  could  be  moderately  reduced  with  some 
biological  benefit.  Also,  low  power  demand  or  turbine  maintenance  periods  at  a  single 
dam  could  force  a  spill  operation  that  could  be  moderately  compensated  by  spillway 
deflector  installation.  This  would  also  apply  to  the  single  dam  effect  of  a  spill  operation 
for  fish  passage  similar  to  the  1993  voluntary  spill  operation  at  Ice  Harbor  Dam. 

The  installation  of  deflectors  at  Ice  Harbor  Dam  (the  single  remaining  Snake 
River  dam  without  these  structures)  would  have  a  variable  effect  in  magnitude  in  fish 
survival  due  to  TDG  production.  Any  potential  biological  and  ecological  benefits  would 
be  evaluated  in  cumulative  fashion,  as  related  to  the  single  dam’s  effective  contribution 
to  the  entire  system's  biological  effectiveness.  In  this  operational  scenario,  a  much 
greater  percentage  of  the  outmigrating  population  would  be  affected  for  a  longer  period 
of  time  (/.e.,  greater  than  50  percent  of  the  spring  chinook  population  during  an  average 
year.  NOTE;  This  was  not  the  case  during  the  1994  spring  chinook  operation  since 
the  emergency  operation  was  not  implemented  until  about  75  percent  of  the  run  had 
passed  Lower  Granite  Dam). 

Chronic  exposure  (as  opposed  to  acute  exposure  and  its  level  of  associated 
stress)  and  gas  bubble  trauma  (GBT)  symptom  formation  would  occur  as  the  TDG 
supersaturation  and  fish  exposure  time  accumulates  downriver.  These  factors  become 
increasingly  more  important  to  juvenile  salmonid  survival  and  vitality.  If  the  mortality 
threshold  is  set  at  108-  to  114-percent  TDG  saturation  (as  suggested  by  dose-response 
research  compiled  and  regressed  by  the  University  of  Washington)  and  the  TDG 
supersaturation  in  the  river  is  greater  than  1 20-percent  saturation,  continued  exposure 
of  longer  than  45  days  would  negatively  effect  nearly  all  of  the  original  50  percent  of 
the  outmigrating  population. 

If  spillway  deflector  installation  at  Ice  Harbor  Dam  could  reduce  the  TDG 
supersaturation  in  the  river  from  120  percent  to  between  110  and  115  percent,  the 
negative  effect  from  TDG  supersaturation  could  be  reduced  to  about  40  percent  of  the 
original  50  percent  of  the  outmigrating  population  for  that  single  dam  location  only.  In 
addition,  nearly  100  percent  of  the  original  50  percent  of  the  outmigrating  population 
could  be  affected  at  the  other  7  dams  within  the  lower  Snake  and  Columbia  River 
corridors.  These  same  fish  may  be  exposed  to  elevated  TDG  supersaturation  passing 
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through  three  dams  and  reservoirs  prior  to  arriving  at  Ice  Harbor  Dam  and  may  be 
exposed  to  elevated  TDG  supersaturation  at  four  additional  downriver  dams. 

Therefore,  to  protect  sensitive  salmonid  juveniles,  the  concentrations  of  TDG 
supersaturation  allowed  system-wide  and  regulated  by  spill  quantity  is  the  true 
measurable  determinant  of  impact  on  the  total  fish  population,  not  the  percentage  of 
flow  spilled  to  achieve  the  target  fish  passage  efficiency  (FPE)  of  the  1 995  Bi-Op. 

Spill  at  Ice  Harbor  Dam  in  1993,  1994,  and  1995  was  constrained  to 
25  thousand  cubic  feet  per  second  (kefs)  so  as  not  to  exceed  a  120-percent  TDG 
saturation  threshold.  The  addition  of  spillway  deflectors  at  Ice  Harbor  Dam  could  allow 
an  estimated  45  kefs  to  be  spilled,  instead  of  the  25  kefs.  The  same  120-percent  TDG 
saturation  target  could  be  achieved  with  the  45  kefs  spill  cap  that  was  achieved  with  the 
25-kcfs  spill  cap.  The  ability  to  increase  the  percent  spill  up  to  45  kefs  would  allow  the 
80-percent  FPE  target  in  the  1995  Bi-Op  to  be  achieved  at  a  higher  frequency  under  a 
higher  total  river  flow. 

In  1993,  submerged  traveling  screens  were  installed  in  the  turbine  intakes  at 
Ice  Harbor  Dam.  The  fish  guidance  efficiency  have  been  estimated  between  55  to 
78  percent  for  spring  Chinook  salmon  [point  estimate  by  NMFS  is  55  percent  weighted 
by  passive  integrate  transponder-tag  analysis)  and  93  percent  for  steelhead  (Brege  et 
a!.,  1988).  Voluntary  spill  for  juvenile  fish  passage  was  limited  to  25  kefs  to  maintain 
dissolved  gas  levels  below  1 20-percent  TDG  under  the  current  condition  without 
deflectors.  It  does  remain  likely  that  spill  volumes  of  25  kefs  will  again  be  required  at 
Ice  Harbor  Dam  in  1996  to  achieve  Bi-Op  requested  conditions  between  15  April  and 
31  August. 

Currently,  the  powerhouse  turbines  are  operated  during  the  juvenile  fish 
migration  season  within  1  percent  of  peak  efficiency  translating  to  a  maximum 
powerhouse  flow  capacity  of  about  88  kefs,  which  is  equivalent  to  about  4.5  turbines  at 
maximum  capacity  instead  of  6  turbines.  Adding  the  25-kcfs  spill  cap  for  not  exceeding 
120-percent  TDG  equates  to  1 13-kcfs  river  flow,  or  22-percent  spill.  The  NMFS 
identifies  that  27-percent  spill  would  be  required  for  achieving  the  80-percent  FPE 
target  for  yearling  Chinook  salmon  and  70  percent  for  subyearling  Chinook  salmon.  If 
45  kefs  could  be  spilled  and  not  exceed  120-percent  TDG,  then  40  percent  of  the  total 
river  flow  at  1 13  kefs  would  be  spilled,  and  the  80-percent  FPE  target  would  be 
satisfied  up  to  133  kefs  total  river  flow  with  maximum  powerhouse  operation  for  yearling 
Chinook  salmon.  Powerhouse  capacity  does  not  influence  the  ability  to  achieve  the 
80-percent  FPE  target  with  subyearling  Chinook  to  the  degree  it  does  with  yearling 
Chinook.  The  80-percent  FPE  target  could  be  achieved  with  45-kcfs  spill  up  to  65-kcfs 
total  river  flow  without  an  appropriate  adjustment  for  increasing  water  temperature 
during  the  summer. 

It  is  possible  that  1  or  2  turbine  units  may  be  inoperable  through  May  1 996, 
requiring  spill  over  the  newly  estimated  45-kcfs  design  range  of  the  deflectors.  Similar 
to  1995  outmigration  season  conditions,  up  to  60-  to  70-kcfs  forced  spill  would  occur  if 
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greater  than  120  kefs  is  produced  within  the  lower  Snake  River  sub-basins  by  runoff  or 
precipitation.  The  installation  of  flow  deflectors  on  Ice  Harbor  Dam  would  not  be  able 
to  reduce  the  potential  TDG  production  below  120-percent  TDG  under  this  scenario, 
although  it  is  estimated  that  their  operation  would  reduce  the  potential  maximum  TDG 
production  up  to  5  to  1 0  percent. 

4.03.  JUVENILE  FISH  EVALUATION 

The  duration  of  exposure  related  to  time-to-death  is  co-dependent  on  many 
variables  and  cannot  be  easily  determined.  However,  it  can  logically  be  assumed  that 
lower  levels  of  TDG  supersaturation  would  afford  better  protection  for  individual  fish 
constituting  the  migratory  population,  ultimately  resulting  in  fewer  sublethal  or  lethal 
barriers  to  survival.  Therefore,  a  presumed  5-  to  10-percent  reduction  in  TDG 
supersaturation  applied  to  deflector  operation  at  Ice  Harbor  Dam  could  potentially 
provide  relatively  short-term  inter-seasonal  benefits  to  juvenile  salmonid  survival  (less 
than  an  expected  2-percent  increase)  as  they  pass  through  Ice  Harbor  Dam  and  the 
subsequent  downriver  reaches.  These  short-term  benefits  would  be  more 
representative  of  forced  spill  and  high  flow,  low  energy  demand  events  lasting  only  a 
couple  of  weeks.  They  become  insignificant  when  averaged  across  a  long-term  trend 
calculated  for  salmonid  protection  and  recovery  {e.g.,  the  50-  to  61 -year  record  of  flow). 
Benefits  could  be  significant  within  a  single-flow  year  (e.g.,  total  river  flows  greater  than 
120  kefs  during  the  peak  outflow  in  May  of  a  high-flow  year),  but  only  for  that 
percentage  of  the  outmigrating  population  that  passed  the  dam  in  those  3  to  7  days. 
The  total  benefit  that  could  be  expected  for  any  one  year  would  depend  on  the  timing 
within  the  season  and  travel  time,  in  relation  to  the  percentage  of  population  that 
passed  during  that  time,  as  well  as  the  frequency  of  the  forced  spill  pattern  (e;g.,  either 
tail-end  of  the  passage  distribution  versus  peak  of  migration).  This  could  result  in 
potential  benefits  between  2-  to  5-percent  survival  applied  to  about  20  percent  of  the 
total  passage  population  for  that  single  season  under  low  frequency  events  of  forced 
spill  and  high  flow,  low  energy  demand  operations. 

In  theory,  any  possible  biological  benefits  achieved  with  a  5-percent  reduction 
in  TDG  supersaturation  should  have  potential  incremental  benefits  if  a  10-percent 
reduction  in  TDG  supersaturation  could  be  produced.  It  is  assumed  that  this  increase 
could  be  scaled  proportionally  above  the  5-percent  reduction.  An  absolute  +1 0-percent 
reduction  in  TDG  supersaturation  should  be  more  influential  on  fish  survival  because  it 
could  reduce  a  high,  lethal  supersaturation  level  to  a  sublethal  level.  For  example,  a 
reduction  to  the  Environmental  Protection  Agency-determined  safe  level  of  1 10-percent 
TDG  (no  or  only  minor  symptoms  occur)  instead  of  1 15-percent  TDG  (sublethal  level 
where  acute  or  chronic  gill  lamellae  and  vascular  bubble  formation  occurs)  from  a 
120-percent  value  (the  lethal  level  leading  to  chronic  physiological  stress  or  ultimately 
mortality).  Obviously,  if  spill  occurs  system-wide  producing  TDG  supersaturation  near 
125  percent,  any  marginal  benefit  in  a  presumed  5-  to  10-percent  reduction  of  TDG 
supersaturation  at  a  single  dam  (e.g.,  installing  spillway  deflectors  at  Ice  Harbor  Dam) 
would  be  insignificant  at  the  system-wide  scale  because  only  TDG  supersaturation 
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reduction  maintained  below  115  to  120  percent  (sublethal  to  physiological  functions) 
could  be  expected. 

To  gauge  the  potential  additive  effects  of  “the  sum  of  the  parts  equaling  the 
whole”  relationship,  the  recently  recalibrated  Columbia  River  Salmon  Passage  (CRiSP) 
juvenile  passage  model  was  exercised.  This  produced  a  sensitivity  analysis  for 
estimated  increased  smolt  survival  related  to  additive  or  cumulative  effects  of 
5-  to  1 0-percent  TDG  reduction  for  single  projects.  For  system-wide  effects,  deflector 
installation  at  the  last  remaining  singular  dam  in  the  lower  Snake  River  without 
deflectors  would  provide  such  insignificant  benefits  (about  2  to  3  percent)  to  system- 
wide  salmonid  passage  survival  that  net  benefits  in  system  survival  for  smolts  would 
not  be  measurable  with  any  degree  of  confidence.  A  5-  to  1 0-percent  TDG  reduction  at 
Ice  Harbor  Dam  alone  would  not  provide  adequate  benefits  at  the  system  survival 
scale.  The  sensitivity  analysis  indicates  that  a  5-  to  10-percent  TDG  reduction  at  each 
of  2  to  4  lower  Snake  River  dams  would  have  to  be  accomplished,  with  Little  Goose 
Dam  being  the  next  highest  priority  for  structural  treatment.  Little  Goose  dam  already 
has  flow  deflectors,  so  a  much  larger-scaled  structural  modification  to  each  lower 
Snake  River  dam,  beyond  the  deflectors'  effective  design  limitations,  will  be  required  to 
produce  a  greater  than  marginal  biological  and  ecological  benefit  to  salmonids  passing 
in-river. 


In  conclusion,  the  current  Bi-Op  for  1995-98  Federal  Hydrosystem  Operation 
requests  for  50  percent  of  collected  smolts  to  be  transported  and  50  percent  to  be 
bypassed  back  to  the  river  to  continue  their  downriver  migration.  This  in-river 
proportion  of  smolts  applied  to  the  assumed  1;1  ratio  of  percent  spillipercent  number  of 
smolts  passing  through  the  spillway  would  suggest  some  increment  of  biological  benefit 
to  the  total  in-river  component  of  the  migrant  population  if  TDG  supersaturation  could 
be  decreased  an  absolute  5-  to  1 0-percent  TDG  at  the  hydrosystem-wide  scale  of 
measurement. 

In  support  of  this  conclusion,  two  out  of  three  spillway  survival  studies  directly 
comparing  spill  bay  passage  survival  between  spill  bays  with  deflectors  versus  without 
deflectors,  performed  at  Bonneville  and  Lower  Monumental  Dams,  suggest  that  direct 
mortality  slightly  increases  when  fish  are  passed  through  a  deflector  spill  bay  versus 
passage  through  a  non-deflector  spill  bay  (Johnsen  and  Dawley,  1974  and  Muir  et  al., 
1995  versus  Long  et  al.,  1975).  This  less  than  5-percent  potential  increase  in  mortality 
due  to  deflector  installation  at  Ice  Harbor  Dam  provides  a  no-net  benefit  conclusion  in 
comparison  to  the  2-  to  3-percent  increment  in  system  survival  that  could  be  attributed 
to  an  absolute  5-  to  10-percent  TDG  reduction  from  flow  deflector  installation. 


4-6 


4.04.  ADULT  FISH  EVALUATION. 

a.  General. 

Data  suggests  sublethal  impacts  of  TDG  supersaturation  can  begin  to 
occur  in  adults  exposed  to  TDG  below  the  1 10-percent  range,  with  lethal  impacts 
occurring  before  115  percent.  Depth  of  travel  and  fish  condition  are  significant  factors. 
Actual  observation  of  GBT  in  adult  fish  within  this  range  is  difficult  to  detect  visually,  but 
vascular  system  bubble  formation  within  gill  lamellae  is  well  documented.  Exposure 
duration  and  time  to  death  can  not  be  determined,  but  better  protection  and  fewer 
sublethal  or  lethal  impacts  to  the  pre-spawning  success  of  migrating  adult  salmonids 
will  occur  with  lower  levels  of  TDG.  Therefore,  a  5-  to  10-percent  reduction  in  TDG,  if 
achievable  with  the  installation  of  deflectors,  could  benefit  exposure  time  for  adult 
salmonids  passing  through  the  Ice  Harbor  tailrace.  However,  if  deflectors  effect 
passage  behavior  and  entry  success  due  to  modified  localized  hydraulic  conditions  in 
the  tailrace,  resulting  in  longer  passage  times,  the  net  benefit  would  be  reduced  or 
even  nullified. 

b.  Possible  Effects  of  Deflectors  on  Adult  Fish  Passage. 

Bjornn  and  Peery  (1992)  review  the  research  history  on  migrations  past 
dams  and  discuss  the  various  factors  involved  {i.e.,  entry  into  fishways,  tailrace  flow 
patterns,  spillway  discharge  patterns,  and  collection  channel  preferences).  The 
authors  review  the  history  of  spillway  deflectors  in  the  1970’s,  along  with  the  resulting 
adjustments  to  spill  patterns  needed  to  maintain  adequate  passage  conditions.  The 
higher  surface  velocity  associated  with  deflectors  is  cited  as  the  reason  involved  in  the 
Junge  and  Carnegie  (1976)  recommendation  not  to  install  deflectors  at  Ice  Harbor 
Dam. 


Spill  patterns  were  evaluated  by  Junge  (1967b)  in  1966  and  1967  at  Ice 
Harbor  Dam  to  determine  the  most  effective  pattern  for  adult  passage  conditions  .  A 
crowned  or  V-shaped  spill  pattern  was  found  preferable  to  the  uniform  pattern  used 
from  1 963  to  1 966.  The  existing  Ice  Harbor  spill  pattern  developed  by  Junge  and 
Carnegie  (1972)  creates  a  V-shaped  zone  of  turbulence  below  the  stilling  basin.  This 
pattern  results  in  a  high  velocity  migration  barrier  to  adult  fish  and  tapers  upstream 
towards  the  outside  spill  bays,  adjacent  to  the  fishway  entrances.  Fish  are  guided 
along  the  northern  edge  towards  the  north  spillway  entrance  and  an  eddy  that  develops 
downstream  of  it.  This  eddy  has  been  observed  during  most  spill  operations  and  varies 
in  size  and  intensity  depending  on  discharge  levels.  With  low  spill  levels,  the 
discharge  from  the  north  spillway  entrance  is  sufficient  to  attract  adults  into  its  region  of 
influence.  However,  as  spill  discharge  begins  to  exceed  35  kefs,  the  influence  of  the 
attraction  flow  begins  to  diminish.  Although  the  north  powerhouse  entrance  generally 
performs  well  under  most  spill  conditions,  few  adult  Chinook  salmon  enter  the  fishways 
as  spill  levels  approach  and  exceed  50  kefs. 
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In  1976,  a  general  model  of  Ice  Harbor  Dam  was  used  to  evaluate  the 
effects  of  spill  bay  deflectors  on  adult  fish  passage.  (Reference:  Ice  Harbor  General 
Spillway  Model  Deflector  Study,  Report  No.  1 ,  August  23.  1976.)  Spillway  deflectors 
were  set  at  elevation  336  to  provide  optimum  performance  for  involuntary  spill.  Flow 
patterns  were  evaluated  without  deflectors  as  the  baseline  conditions  and  with 
deflectors  on  spill  bays  3  to  8,  2  to  9,  and  1  to  10.  Tailrace  conditions  were  observed 
and  evaluated  with  river  discharges  of  160  kefs  (2-year  flood),  210  kefs  (5-year  flood), 
250  kefs  (10-year  flood),  and  420  kefs  (standard  project  flood).  The  best  attraction 
conditions  were  obtained  at  the  fishway  entrances  with  deflectors  installed  in  spill  bays 
three  to  eight.  However,  there  was  no  indication  that  lower  river  discharges  were 
evaluated  in  this  model  study. 

Among  the  reasons  given  for  not  installing  spillway  deflectors  following  this 
study  was  the  remaining  dams  upstream  of  Ice  Harbor  Dam  already  had  spill  bay 
deflectors.  In  addition,  Ice  Harbor  Dam  had  expanded  from  three  turbine  units  to  six 
and  the  schedule  for  expanding  from  three  to  six  turbines  on  the  upstream  projects  was 
accelerated. 

Radio-tracking  studies  were  conducted  by  Monan,  Liscom,  and 
Stuehrenberg  in  the  early  to  mid-1970’s  to  determine  the  effects  of  spillway  deflectors 
on  adult  salmonids.  A  pilot  installation  of  deflectors  (two  of  eight  spill  bays)  was 
completed  at  Lower  Monumental  Dam  in  1973  (Monan  and  Liscom,  1974).  Fish 
behavior  in  the  spill  basin  was  monitored  with  radio-tracking.  Another  study  of  fish 
behavior,  in  relation  to  a  partial  installation  of  deflectors,  was  carried  out  at  Bonneville 
Dam  in  1974  (Monan  and  Liscom,  1975).  In  this  study,  4  of  18  spillway  spill  bays  were 
outfitted  with  deflectors.  No  negative  information  was  developed  in  these  two  studies. 
Radio-tracking  studies  were  also  conducted  in  1975  at  Bonneville  Dam  (Monan  and 
Liscom,  1976)  and  Lower  Granite  Dam  (Liscom  and  Monan,  1976),  where  a  full 
complement  of  deflectors  was  already  installed.  The  authors  did  note  that  hydraulic 
conditions  effected  the  entry  of  adult  salmonids  to  fish  collection  facilities,  but  assumed 
spill  patterns  could  be  manipulated  to  enhance  passage.  No  evidence  was  found  that 
suggested  debilitating  injuries  to  those  radio-tracked  fish  that  did  enter  into  the  more 
turbulent  hydraulic  zones  immediately  below  the  deflectors. 

Passage  for  adult  spring  Chinook  at  Ice  Harbor  Dam  was  compared  to 
passage  at  the  other  Snake  River  projects  in  1993  when  spill  conditions  were  in  effect 
during  the  May  to  early  June  timeframe.  The  Idaho  Cooperative  Fish  and  Wildlife 
Research  Unit  (ICFWRU)  was  conducting  radio  telemetry  studies  [using  Digital 
Spectrum  Process  equipment]  at  the  four  Snake  River  projects  (the  third  year  of  a 
proposed  4-year  study  of  spring  Chinook  and  steelhead).  The  first  2  years  of  field  study 
(1991  and  1992)  were  conducted  under  periods  of  no  spill.  The  1993  water  year 
provided  spill  for  passage  evaluation.  The  adult  portion  of  the  tracking  program  for 
1994  was  canceled  due  to  low  adult  returns.  Therefore,  data  for  the  1994  spill  program 
is  not  available. 
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Several  comparisons  were  made  in  an  evaluation  of  the  adult  fish  passage 
conditions  at  Ice  Harbor  Dam  with  no  deflectors,  relative  to  passage  conditions  at  the 
other  Snake  River  projects  with  deflectors.  First,  passage  time  at  Ice  Harbor  Dam  with 
and  without  spill,  versus  passage  at  the  other  dams,  was  reviewed  [table  4-1  is  data 
analysis  by  the  ICFWRU  (Bjomn  et  al.,  1994)]. 


Table  4-1  -  Median  Time  to  Pass  Snake  River  Projects  in  1993 
Based  on  Seasonal  Passage  Estimate 

Project  -/ 

Median  Time  (days) 

Ice  Harbor  (all  season) 

0.78 

Lower  Monumental  (8  weeks  of  spill) 

0.85 

Little  Goose  (8  weeks  of  spill) 

0.70 

Lower  Granite  (2  weeks  of  spill) 

0.76 

V  Duration  of  spill  noted  in  parenthesis. 


Overall  passage  times  appear  similar  with  or  without  deflectors.  Ice 
Harbor,  Lower  Monumental,  and  Little  Goose  Dams  experienced  spill  conditions  for  the 
majority  of  the  spring  period  with  no  differences  in  passage  time  noted.  Most  of  the  fish 
passing  Lower  Granite  Dam  did  so  under  no-spill  conditions  with  comparable  passage 
times.  Each  dam  is  different  (hydraulics,  entries,  spill  basin  configurations,  etc.)  but,  on 
a  gross  comparison  basis,  spill  with  or  without  deflectors  did  not  seem  to  affect  overall 
passage  rates. 

At  Ice  Harbor  Dam,  data  is  available  only  for  the  condition  without 
deflectors.  The  following  questions  must  be  addressed:  1)  Would  the  amount  of 
deflectors  at  Ice  Harbor  Dam  significantly  increase  or  decrease  passage  times  for  adult 
salmon  and  steelhead?,  and  2)  If  an  increase  in  passage  time  did  occur  with  the 
installation  of  deflectors,  would  it  be  offset  by  reduced  TDG  concentration  and  lower 
exposure  levels,  but  longer  exposure  times? 

To  evaluate  these  questions,  time-to-first  approach  and  first  entry  by  spring 
Chinook  salmon  were  evaluated.  For  the  basis  of  this  comparison,  it  was  assumed  that 
first  approach  to  an  entrance  would  be  the  most  reasonable  criterion  to  use,  as  it 
indicates  the  ability  of  the  fish  to  find  an  entrance.  First  entry  was  also  compared,  as 
one  measure  of  success  in  actually  entering  into  the  collection  channel.  Conditions 


4-9 


affecting  the  location  of,  and  entry  into,  the  collection  channel  {i.e.,  the  presence/ 
absence  of  deflectors,  particularly  adjacent  to  end  spillway  spill  bays,  spill  levels,  and 
spill  patterns)  may  show  the  influence  of  their  operation  on  adult  fish  approach/entry.  It 
was  assumed  that,  if  no  difference  was  detected  between  Ice  Harbor  Dam  (with  no 
deflectors).  Lower  Monumental  and  Little  Goose  Dams  (no  deflectors  on  the  two  end 
spill  bays),  or  Lower  Granite  Dam  (all  spill  bays  have  deflectors),  the  influence  of 
deflectors  (at  least  on  approach/first  entry)  may  not  be  a  significant  factor. 

There  appears  to  be  no  difference  in  passage  times  on  first  approach  or 
first  entry,  based  on  a  seasonal  estimate  for  spring  Chinook  salmon  at  Ice  Harbor  Dam 
relative  to  the  Snake  River  projects  with  deflectors.  Under  spill  conditions.  Lower 
Monumental  Dam  has  a  longer  time  for  approach  or  entry  than  the  other  projects 
(Lower  Monumental  Dam,  like  Little  Goose  Dam,  has  deflectors  except  for  the  end  spill 
bays).  Under  no  spill  conditions,  there  appears  to  be  no  difference  in  passage  times, 
with  first  approach  or  entry,  among  the  Snake  River  dams.  The  effect  of  spill  volume 
(low,  medium,  high)  on  time  to  first  approach  or  first  entry  does  not  appear  to  effect 
passage  up  to  50  kefs. 

A  1 :55  scale  Ice  Harbor  Dam  model  was  also  used  to  evaluate  spillway 
deflectors  and  potential  impacts  on  adult  fish  passage.  Tailrace  conditions  were 
evaluated  and  observed  for  total  river  flows  of  50  kefs  (minimum  summer  flows)  to 
150  kefs  (upper  limit  for  adult  movement  in  the  Snake  River  system).  Observations 
included  baseline  conditions  as  well  as  spillway  spill  bays  6,  8,  and  10  deflector 
performance  with  and  without  extended-training  walls.  A  summary  of  general 
observations  and  criteria  used  to  evaluate  the  potential  impacts  on  adult  passage  is 
included  in  section  5.06.  (Deflector  Influence  on  Adult  Fish  Passage  Conditions). 

c.  Possible  Effects  of  Deflectors  on  Adult  Fish  Fallback  Survival. 

Little  is  known  about  survival  of  adult  salmonids  passing  over  spillways. 
Nothing  is  known  about  any  differential  survival  rates  of  adults  passed  over  deflector- 
equipped  spill  bays  versus  non-deflector  equipped  spill  bays.  Intuitively,  however,  it 
seems  possible  that,  because  of  their  greater  mass  (and  force),  adult  salmonids  may  be 
more  likely  to  come  into  contact  with  the  deflectors  than  would  smolts.  Whether  this 
contact  would  cause  greater  injury  than  contact  with  the  tailwater  is  unknown. 

d.  Conclusion  and  Recommendation  for  Adult  Fish  Passage. 

Based  on  current  Ice  Harbor  Dam  passage  rates  (first  approach,  entry,  and 
total  passage)  relative  to  Snake  River  projects  with  deflectors,  as  well  as  the  results  of 
the  1996  1 :55  scale  model  studies,  it  appears  tailwater  conditions  with  8  spillway 
deflectors  at  Ice  Harbor  Dam  should  provide  adequate  adult  fish  passage  for  spill 
discharges  as  high  as  45  to  60  kefs.  Although  flow  conditions  did  not  appear  to  be 
significantly  worse  than  the  existing  conditions  for  this  spill  range,  they  can  be  greatly 
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improved  over  the  existing  conditions  by  extending  the  training  walls  between  spillway 
spill  bays  1  and  2,  and  9  and  10. 

A  post-construction  evaluation  using  radio  telemetry  (potentially  piggy¬ 
backed  onto  the  Lower  Columbia  River  Adult  Passage  Study,  initiating  in  1996)  will  be 
programmed  into  the  Anadromous  Fish  Evaluation  Program.  Any  negative  impacts  to 
juvenile  and  adult  fish  passage  would  have  to  be  evaluated  relative  to  improvements  in 
TDG  levels,  and  a  plan  of  action  developed  to  address  any  negative  impacts. 

Since  adult  attraction  during  spill  operations  for  smolts  is  one  of  the  most 
critical  criteria  for  acceptance  of  deflector  installation  at  Ice  Harbor  Dam,  the  general 
model  (1:55  scale)  at  Waterways  Experiment  Station  (WES)  continues  to  be  exercised 
to  develop  an  acceptable  adult  passage  pattern  where  the  localized  hydraulic 
conditions  are  at  least  as  efficient  to  adult  salmon  ladder  entrance  attraction  and 
passage  as  the  current  crowning  pattern  under  non-deflector  conditions. 

Basing  the  physical  model  evaluation  upon  the  criteria  that  hydraulic 
conditions  in  the  tailrace  under  deflector  operation  will  not  be  any  worse  than  the 
current  hydraulic  conditions  under  non-deflector  operations  across  a  spill  flow  range  up 
to  45  to  60  kefs,  an  acceptable  pattern  was  coordinated  by  the  U.S.  Army  Corps  of 
Engineers  (Corps),  NMFS,  and  University  of  Idaho  biologists  and  hydraulic  engineers. 
A  minimum  of  eight  deflectors  was  found  acceptable  by  NMFS  representatives  and 
should  provide  interim  hydraulic  conditions  for  adult  ladder  attraction  for  one  passage 
season.  Additional  modeling  and  design  review  would  evaluate  whether  the  two 
outside  spill  bays  (spill  bays  1  and  10  resulting  in  a  full  complement  of  10  deflectors) 
and  training  wall(s)  would  be  installed  in  a  subsequent  construction  effort.  This  would 
be  summarized  and  reported  in  a  letter  supplement  to  this  design  memorandum  and 
would  include  regional  coordination  through  the  Fish  Facility  Design  Review  Work 
Group  process. 

4.05.  BIOLOGICAL  CONCLUSIONS  AND  RECOMMENDATIONS, 
a.  Potential  Benefits  and  Detriments  of  Deflectors. 

The  continued  declining  trend  of  listed  lower  Snake  River  salmon  stocks 
requires  that  immediate  actions  to  benefit  smolt  and  adult  survival  through  the 
hydrosystem  be  evaluated  and  implemented.  This  priority,  along  with  the  regional 
assumptions  and  desires  for  in-river  passage,  requires  the  Corps  to  readily  develop 
TDG  abating  designs  for  which  the  agency  has  previous  experience.  At  the  time  of  the 
NMFS  1995  Bi-Op,  the  design  for  flow  deflectors  was  forwarded  as  the  most  timely 
alternative  for  incremental  reduction  in  TDG  supersaturation  system-wide.  An  analysis 
using  Lower  Monumental  Dam  TDG  data  collected  prior  and  post  to  deflector 
installation  was  used  to  estimate  a  reasonable  range  of  TDG  reduction  potential  of  5  to 
10  percent.  This  reduction  could  provide  a  relative  estimate  of  2-  to  3-percent  increase 
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in  smolt  survival  as  modeled  in  the  recent  calibration  of  the  CRiSP  juvenile  passage 
model.  This  2-  to  3-percent  increase  in  survival  could  be  overridden  by  up  to  a 
5-percent  increase  in  mortality  resulting  from  direct  mechanisms.  (NOTE:  This 
increase  in  mortality  was  a  measurable  but  not  statistically  significant  difference.)  This 
tradeoff  between  low  mortality  increases  and  decreases  would  result  in  a  no  net 
biological  benefit. 

Installation  of  up  to  10  deflectors  at  Ice  Harbor  Dam  might  allow  the 
increase  in  spill  from  the  current  25  kefs  cap  to  a  45  kefs  cap  while  maintaining  the 
same  120-percent  TDG  measured  in  the  tailrace.  This  increase  in  the  spill  cap  could 
incrementally  increase  the  frequency  of  achieving  the  80-percent  FPE  target  in  the 
NMFS 1995  Bi-Op. 

Though  flow  deflectors  provide  a  small  but  definite  benefit,  their  installation 
may  prevent  or  complicate  testing  of  new,  larger  scale  measures  that  have  the  potential 
for  greater  TDG  improvement.  The  following  charts  presents  the  potential  benefits  and 
detriments  of  proceeding  immediately  with  deflector  construction  at  Ice  Harbor  Dam. 

Potential  Benefits 


1. 

Estimated  5-  to  1 0-percent  reduction  in  TDG. 

2. 

Adult  passage  conditions  appear  acceptable  for  all  spill  discharges  up 
to  60  kefs  (based  on  observations  of  hydraulic  model  tests  at  WES). 

3. 

The  120-percent  TDG  spill  cap  is  expected  to  increase  from  25  kefs  to 
45  kefs  allowing  higher  frequency  of  80-percent  FPE  achievement. 

4. 

TDG  reduction  for  spills  up  to  60  kefs  with  marginal  reductions  in  TDG 
for  spills  greater  than  60  kefs. 

5. 

Least  cost  alternative  for  immediate  interim  benefit. 

4-12 


Potential  Detriments 


1. 

If  a  better,  long-term  reduction  of  TDG  is  achievable  through  the 
dissolved  gas  abatement  study,  there  will  be  only  a  relatively  small, 
interim  benefit  for  the  substantial  expense  and  effort  of  constructing 
deflectors. 

2. 

Spillway  deflectors  have  a  limited  ability  to  reduce  TDG  levels.  Water 
quality  criteria  of  11 0-percent  TDG  will  not  be  met  for  total  spills 
greater  then  25  kefs. 

3. 

Spillway  deflectors  have  a  limited  range  of  spill  over  which  optimum 
reduction  of  TDG  occurs.  For  spills  greater  than  60  kefs,  the 
effectiveness  of  deflectors  diminishes  as  spill  levels  are  increased. 

Spills  greater  than  60  kefs  result  from  river  discharges  that  exceed 
powerhouse  capacity  (due  to  high  river  discharges  alone  or  high  river 
discharges  with  turbine  unit  outages). 

4. 

Risk  that  deflector  design  causes  an  increase  in  mechanically  caused 
juvenile  fish  mortality  that  negates  the  benefits  of  reducing  TDG  by 

5  to  10  percent.  (To  reduce  this  risk,  the  deflector  design  includes; 

1)  a  15-foot-radius  fillet  between  the  spillway  and  deflector  and 

2)  deflector  pier  blocks  just  downstream  of  the  piers.) 

5. 

Although  tailrace  conditions  appear  acceptable  for  adult  passage  for 
all  spills  up  to  60  kefs,  there  may  be  increased  delays  of  adult  fish  to 
the  North  Spillway  Entrance  as  spill  exceeds  45  kefs.  (However, 
extending  the  north  training  wall  in  conjunction  with  deflectors  will 
likely  provide  conditions  which  are  better  than  existing  conditions. 
Additional  model  testing  will  be  conducted  and  reported  in  a  letter 
supplement  to  this  design  memorandum.) 

6. 

Precludes  testing  under  baseline  conditions  of  potentially  more 
biologically  beneficial  prototypes  and  concepts,  such  as  raised  stilling 
basin  and/or  tailrace  or  reduced  flow  through  surface  spill, 
independent  of  deflector  effect  once  installed. 

7. 

Allowance  of  higher  spills  for  juvenile  fish  passage  could  increase 
adult  fallback  rates. 

8. 

High  risk  to  fish  condition  during  construction  phase  if  runoff  flows 
force  overgeneration  spill  forcing  contractor  out  (limited  to 
construction  period). 
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Potential  Detriments  Continued 


9.  Unknown  risk  to  fish  condition  and  adult  delay  related  to  construction 
activity  during  2  full  seasons  to  complete  final  configuration,  up  to 
10  deflectors  and  extended  training  walls. 

1 0.  Potential  decrement  of  per  spill  bay  TDG  stabilization  with  deflectors 
versus  potential  reduction  in  TDG  over  a  larger  spill  range  with  raised 
stilling  basin  (based  on  The  Dalles  Dam  spill  to  TDG  relationship). 


b.  Summary. 

Low,  current  and  projected  future  fish  estimates  for  Snake  River  listed 
stocks  emphasize  the  need  to  proceed  rapidly  with  any  measures  that  can  immediately 
improve  fish  passage  conditions  on  the  Snake  River.  Anticipated  operations  on  the 
Snake  River  will  likely  include  some  level  of  spill  to  reach  FPE  goals  at  Corps  projects. 
The  TDG  problem  could  seriously  limit  the  ability  to  reach  these  goals.  During  spill 
operations.  Ice  Harbor  produces  the  highest  TDG  levels  in  the  system. 

Spillway  deflectors  will  provide  an  estimated  5-  to  10-percent  improvement 
in  TDG  levels  for  fish  spill  and  will  improve  the  likelihood  of  meeting  FPE  goals.  Model 
studies  have  indicated  that  deflector  installation  should  not  adversely  affect  existing 
adult  fish  passage  rates  at  Ice  Harbor  Dam.  In  addition,  improvements  to  the  deflector 
design,  such  as  the  15-foot-radius  transition  and  deflector  pier  blocks,  should  reduce 
the  risk  that  deflectors  will  increase  mechanical  injury  or  mortality  to  juvenile  fish  during 
spill.  This  may  reduce  concerns  raised  in  juvenile  fish  data  sets  suggesting  a 
measurable  (but  not  statistically  significant)  mortality  associated  with  deflector 
passage. 


Considerable  uncertainty  exists  with  other  larger-scale  TDG  improvement 
measures.  Significant  time  and  effort  will  be  necessary  to  determine  if  these  measures 
do  provide  a  significant  level  of  improvement  without  causing  other  adverse  conditions. 

Based  on  the  above  discussion,  installing  eight  deflectors  is  biologically 
acceptable  until  a  better,  more  comprehensive  solution  to  TDG  is  feasible  and 
implementable.  Additional  model  testing  should  be  conducted  to  explore  potential 
improvements  from  constructing  training  wall  extensions  and  deflectors  in  the  end  spill 
bays. 
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SECTION  5.0  -  DEFLECTOR  DESIGN 


5.01.  GENERAL. 

The  objective  of  spillway  deflectors  is  to  deflect  flows  along  the  tailwater  surface 
so  that  the  air  entrained  within  the  flow  is  not  carried  down  deep  in  the  stilling  basin. 
The  effectiveness  of  deflectors  in  achieving  this  objective  is  dependent  on  the  quantity 
of  flow  being  spilled,  the  size  and  shape  of  the  deflector,  and  the  submergence  of  the 
deflector  (tailwater  elevation  minus  the  elevation  of  the  deflector). 

5.02.  SPILL  DISCHARGE  CRITERIA  FOR  OPTIMIZING  DEFLECTOR  DESIGN. 

Spillway  deflectors  will  likely  reduce  total  dissolved  gas  (TDG)  supersaturation 
by  5-  to  10-percentage  points  (see  appendix  C).  If  a  reduction  of  10-percentage  points 
is  assumed,  then  TDG  levels  are  likely  to  be  1 10  percent  for  a  spillway  discharge  of 
25  thousand  cubic  feet  per  second  (kefs)  and  120  percent  with  a  45-kcfs  spillway 
discharge.  State  water  quality  standards  and  Federal  water  quality  guidelines  limit 
TDG  supersaturation  levels  to  110  percent.  Recently,  however,  the  limits  were  relaxed 
temporarily  to  120  percent  in  order  to  increase  the  number  of  juvenile  fish  passing  the 
project  via  the  spillway.  If  spills  are  continued  in  the  future  to  maximize  juvenile  fish 
passage  via  the  spillway,  the  most  prevalent  spill  discharge  level  after  deflectors  are 
constructed  would  most  likely  be  between  25  and  45  kefs,  depending  on  the 
effectiveness  of  the  deflectors  and  what  level  of  TDG  supersaturation  is  tolerated.  The 
performance  of  the  deflectors  for  this  range  of  discharges  in  the  model  tests  was 
examined  carefully  when  trying  to  optimize  the  design  of  the  deflectors. 

5.03.  TAILWATER  ELEVATION  CRITERIA. 

The  tailwater  elevation  below  Ice  Harbor  Dam  is  largely  dependent  on  the 
discharge  of  the  Snake  River.  A  target  for  minimum  river  discharges  for  the  lower 
Snake  River  during  the  spring  outmigration  season  is  given  in  the  March  2,  1995, 
National  Marine  Fisheries  Biological  Opinion,  Reinitiation  of  Consultation  on  1994-1998 
Operation  of  the  Federal  Columbia  River  Power  System  and  Juvenile  Transportation 
Program  in  1995  and  Future  Years  (Bi-Op).  The  target  is  85  to  100  kefs,  depending  on 
the  April-July  runoff  volume  forecast.  The  target  during  the  summer  season  is  50  to 
55  kefs  and  is  also  based  on  the  runoff  volume  forecast. 

The  tailwater  elevation  at  Ice  Harbor  Dam  is  not  only  dependent  on  the  Snake 
River  discharge  but  also,  to  some  degree,  on  the  confluence  elevation  at  the  Columbia 
River.  The  confluence  elevation,  in  turn,  is  dependent  on  the  forebay  elevation  at 
McNary  Dam  and  the  discharge  of  the  Columbia  River.  Tabulations  and  plots  of  the 
confluence  elevation  and  Ice  Harbor  Dam  tailwater  elevation  are  given  in  tables  1 
through  3  and  charts  1  through  5  of  appendix  A. 


5-1 


A  tabulation  showing  Snake  River  discharge  and  the  most  likely  maximum  and 
minimum  tailwater  elevations  is  given  below  in  table  5-1  and  shown  in  figure  1 . 

In  determining  the  most  likely  maximum  tailwater,  a  McNary  forebay  elevation  of 
340.0  feet  mean  sea  level  (fmsi)  and  a  Columbia  River  discharge  at  McNary  equal  to 
3.5  times  the  Snake  River  discharge  were  used.  For  the  most  likely  minimum  tailwater, 
a  McNary  forebay  elevation  of  337.5  fmsI  and  a  Columbia  River  discharge  at  McNary 
equal  to  twice  the  Snake  River  discharge  were  used.  (These  multipliers,  3.5  and  2.0, 
were  derived  from  comparisons  of  average  monthly  discharges  of  the  Columbia  and 
Snake  Rivers  for  the  period  of  1 928-1 978. ) 


Table  5-1  -  Most  Likely  Maximum  and  Minimum 

Tailwater  Elevations 

Snake  River 

Ice  Harbor  Tailwater  Elevation  (fmsi) 

Discharge  (kefs) 

Maximum 

Minimum 

20 

340.6 

338.6 

40 

342.0 

340.7 

60 

343.6 

342.7 

80 

345.2 

344.5 

100 

346.7 

346.1 

120 

348.1 

347.5 

140 

349.4 

348.8 

160 

350.6 

350.1 

180 

351.8 

351.3 

5.04.  DEFLECTOR  DESIGN 

a.  Entrained  Air  in  Physical  Hydraulic  Models. 

Physical  models  of  hydraulic  structures  are  valuable  tools  for  visualizing 
flow  patterns,  evaluating  hydraulic  performance,  and  estimating  hydraulic  conditions 
that  will  exist  in  a  full-scale  structure.  However,  air  bubbles  entrained  within  the  spill 
flow  of  a  physical  model  are  not  at  the  same  scale  as  the  model.  They  are  very  large 
compared  to  those  that  will  be  encountered  in  the  full  scale  structure.  As  a 
consequence,  the  large  buoyant  force  allows  the  bubbles  to  escape  the  flow  much 
quicker  in  a  model.  The  effects  of  this  distortion  show  up  when  tracking  the  extent  of 
an  entrained  air  plume.  The  model  plume  is  attenuated  in  length  and  in  depth. 

The  value  of  hydraulic  models  in  gas  transfer  processes  lies  in  flow 
visualization  and  alternative  comparison.  An  understanding  of  the  flow  conditions  that 
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contribute  to  increased  gas  transfer  provides  a  basis  for  assessing  alternative  designs 
in  a  physical  model.  For  example,  conditions  that  produce  plunging  flow  conditions  can 
easily  be- determined.  Alternatives  that  avoid  these  conditions  or  modify  flow  patterns 
to  something  more  acceptable  can  be  identified. 

b.  Stilling  Basin  Flow  Conditions  with  Spillway  Deflectors. 

Observations  of  sectional  model  tests  with  spillway  deflectors  installed 
indicated  that  up  to  six  different  hydraulic  conditions  could  occur  in  the  stilling  basin  for 
a  given  spill  per  bay.  The  resulting  stilling  basin  condition  was  dependent  on  what  the 
tailwater  elevation  was  set  at.  Starting  with  a  low  tailwater  elevation,  the  spillway  flow 
would  be  launched  by  the  deflector  and  plunge  into  the  stilling  basin.  Usually,  this 
condition  was  associated  with  the  aeration  of  the  underside  of  the  nappe  at  the 
deflector.  As  the  tailwater  elevation  was  raised,  the  tailwater  became  high  enough  that 
a  mixed  skimming  and  plunging  condition  occurred,  which  has  been  termed  unstable. 
With  an  even  higher  tailwater  elevation,  a  point  was  reached  where  the  spillway  flow 
would  only  skim  along  the  top  of  the  tailwater.  Eventually,  the  tailwater  elevation  would 
become  high  enough  that  the  skimming  flow  would  start  to  become  an  undular  surface 
flow.  The  initial  hump  of  the  undular  surface  flow  would  move  upstream  towards  the 
spillway  with  increases  in  the  tailwater  elevation.  The  undular  surface  flow  would 
become  an  elevated  hydraulic  jump  above  the  deflector.  Finally,  when  the  tailwater 
was  high  enough,  the  hydraulic  jump  would  become  a  submerged  jump  on  top  of  the 
deflector. 

c.  Size  and  Shape  of  Deflectors. 

Model  tests  were  conducted  at  the  Waterways  Experiment  Station  (WES) 
using  a  1 :40  scale  sectional  model  of  the  Ice  Harbor  Dam  spillway.  Initially,  a 

12.5- foot-horizontal  deflector  was  tested.  Later,  a  12.5-foot-horizontal  deflector  with  a 
1 5-foot-radius  fillet  between  the  deflector  and  the  spillway  surface  was  tested.  The 
deflector  with  the  fillet  produced  a  better  skimming  flow  condition  in  the  stilling  basin 
than  the  deflector  without  the  fillet.  In  addition  to  providing  better  skimming  conditions, 
a  radius  fillet  should  help  reduce  the  risk  for  potential  fish  impact  injuries.  Testing  also 
included  a  short,  4.2-foot  deflector  with  an  8-foot-radius  fillet.  A  comparison  of  the 
results  for  the  two  deflectors  with  fillets  indicated  that  the  short  deflector  had  a  much 
smaller  range  of  tailwater  elevations  that  produce  skimming  flow  conditions.  Thus,  the 

1 2.5- foot  deflector  with  a  1 5-foot-radius  fillet  was  selected. 

d.  Elevation  of  Deflectors. 

Previous  Ice  Harbor  spillway  model  studies  of  1976  selected  a  deflector 
elevation  of  336  fmsi.  A  major  factor  that  influenced  the  previous  model  study  efforts 
was  that,  at  that  time,  the  spillway  was  operated  only  to  past  river  flows  in  excess  of 
powerhouse  capacity.  Thus,  a  single  tailwater  elevation  versus  spill  discharge 
relationship  was  examined  in  selecting  the  deflector  elevation.  Currently,  the  spillway 
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is  operated  to  increase  juvenile  fish  passage,  which  occurs  during  various  levels  of 
powerhouse  usage,  not  Just  with  full  powerhouse  flows.  It  should  also  be  noted  that  a 
limited  number  of  stilling  basin  flow  characteristics  were  reported  previously:  “stable 
plunging  flow;’’  “unstable  zone  (surging);’’  and  “stable  skimming  flow.”  No  upper  limit  of 
tailwater  elevation  was  reported  for  the  skimming  flow  condition. 

Initial  testing  of  the  current  sectional  model  at  WES  was  conducted  with  the 
deflectors  located  at  elevation  335  fmsi.  The  skimming  limits,  in  terms  of  submergence 
(tailwater  elevation  minus  deflector  elevation),  were  plotted  against  the  spill  discharge 
per  spill  bay.  The  zone  of  good  skimming  flow  was  then  overlaid  with  tailwater 
elevation  curves  for  various  powerhouse  discharges.  (A  similar  overlay  is  shown  in 
figure  3  using  the  results,  which  are  shown  in  figure  2,  of  model  tests  with  spillway 
deflectors  located  at  elevation  338  fmsI.) 

The  overlaid  plots  indicated  that  locating  the  deflectors  at  elevation 
338  fmsi  would  provide  a  skimming  condition  in  the  stilling  basin  for  spills  of  5  kefs  per 
spill  bay  with  the  Bi-Op’s  targeting  minimum  Snake  River  discharge  of  85  kefs.  Spill  of 
5  kefs  per  spill  bay  relates  to  a  total  spill  discharge  of  45  kefs  (8  spill  bays  times  5  kefs, 
plus  the  combined  discharge  from  the  2  end  spill  bays  of  approximately  5  kefs). 
However,  for  full  powerhouse  discharge  (approximately  100  kefs)  with  spill  discharges 
of  25  kefs  (2.5  kefs  per  spill  bay)  and  45  kefs,  there  would  be  2  and  1  feet,  respectively, 
too  much  submergence  for  skimming  flow  conditions  in  the  stilling  basin.  Since  the 
range  of  submergence  is  not  large  enough  to  provide  skimming  conditions  for  all 
desired  project  operations,  it  was  judged  that  it  would  be  better  to  have  the  deflectors 
too  low  than  to  have  them  too  high.  This  judgment  is  based  on  the  belief  that  the 
hydraulic  conditions  when  the  submergence  is  slightly  too  high  (starting  into  the 
undular  zone)  is  better  in  terms  of  reducing  TDG  levels  than  the  hydraulic  condition 
when  the  submergence  is  slightly  too  low  (the  latter  part  of  the  mixed 
plunging/skimming  zone). 

Two  other  reasons  support  locating  the  deflectors  at  elevation  338  fmsi 
instead  of  a  higher  elevation.  One  reason  is  that  at  the  higher  powerhouse  discharge 
levels  (when  there  would  be  too  much  submergence)  the  spill  discharge  is  a  lower 
percentage  of  the  total  river  discharge.  A  second  reason  is  the  importance  of  providing 
as  much  TDG  reduction  as  possible  for  the  higher  percentage  of  spill  scenarios 
because  the  following  three  items  indicate  that  these  scenarios  are  quite  likely  and  very 
important:  1 )  uncertainties  in  the  fish  guidance  efficiency  estimates  of  the  standard 
length  turbine  intake  screens,  which  may  lead  to  higher  spill  percentages  to  increase 
the  project’s  fish  passage  efficiency;  2)  possible  12-hour  evening  spill  operations  for 
juvenile  fish  passage,  which  would  have  higher  spill  percentages  than  full  day 
operation;  and  3)  possible  summertime  spill  for  fall  Chinook  juvenile  migrates. 
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e.  Short  Extension  of  the  Piers  Adjacent  to  the  Deflectors. 


It  has  been  observed  in  the  models  that  spillway  flows  adjacent  to  the  piers 
expand  rather  dramatically  outward  just  downstream  of  the  piers  due  to  the  deflectors. 
The  expanding  flow  from  both  sides  of  a  pier  collide  together,  shooting  a  jet  of  water  up 
into  the  air.  A  judgment  has  been  made  by  U.S.  Army  Corps  of  Engineers  (Corps) 
fishery  biologists  that  this  condition  could  be  detrimental  to  juvenile  fish  being  carried 
along  within  the  spill  next  to  the  piers. 

Model  studies  indicate  that  a  deflector  pier  block  prevents  the  rapid 
expansion  and  collision  of  the  spill  next  to  the  pier.  A  deflector  pier  block  is  a  structure 
that  extends  from  the  downstream  nose  of  the  spillway  piers  and  sits  on  top  of  the 
deflector. 


Each  of  the  7  pier  blocks  are  1 0  feet  wide,  the  same  width  as  the  piers,  and 
extend  6  feet  9  inches  from  the  existing  pier  to  the  downstream  face  of  the  deflector. 
The  top  of  the  block  is  at  elevation  350  fmsi. 

f-  Rock  Debris  Movement  within  the  Stilling  Basin. 

Skimming  flow  produced  by  spillway  deflectors  causes  a  vertical  eddy, 
which  draws  water  back  into  the  basin  from  the  endsill.  The  eddy  flow  moves  along  the 
basin  floor  upstream  to  the  spillway  toe.  This  hydraulic  action  can  pull  rock  debris  from 
the  tailrace  region,  downstream  of  the  endsill,  into  the  basin.  Once  the  debris  is  pulled 
into  the  basin,  it  has  a  tendency  to  migrate  to  the  toe  of  the  spillway.  Rock  debris, 
which  migrates  to  the  toe  beneath  the  deflectors  forms  circular  moving  cells.  The 
location  of  the  cells  is  dependent  on  proximity  of  the  training  wall,  differences  in 
adjacent  spill  gate  openings,  magnitude  of  the  spill,  and  the  hydraulic  action  caused  by 
the  spillway  piers.  The  movement  and  intensity  of  the  cells  is  directly  related  to  the 
amount  of  spill.  Though  the  movement  of  the  debris  cells  is  quite  dramatic  in  the 
model  it  is  difficult  to  determine  what  effects  this  action  will  have  on  the  prototype 
basin. 


Significant  erosion  has  been  found  in  two  areas  of  the  stilling  basin  at 
Lower  Monumental  Dam.  Lower  Monumental  has  had  deflectors  on  six  of  its  eight  bays 
since  1974.  It  appears  the  erosion  of  the  basin  is  related  to  hydraulic  conditions 
created  by  discharge  through  adjacent  deflector  and  non-deflector  bays  (bays  1  and  2, 
and  7  and  8).  This  erosion  has  been  identified  in  the  Lower  Monumental  Letter 
Supplement  No.  1,  Spillway  Stilling  Basin  Repair,  to  Design  Memorandum  No.  10, 
Spillway,  Basis  of  Design  (being  finalized  at  this  time).  This  report  will  address  the 
basin  erosion  and  include  a  plan  to  identify  the  cause  of  erosion  and  method  of  repair. 

It  will  also  identify  alternatives  for  a  long  term  solution.  These  alternatives  will  be 
evaluated  using  existing  general  and  sectional  spillway  models. 
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Unlike  Lower  Monumental  the  Ice  Harbor  spillway  has  extended  training 
walls  which  partially  separate  each  of  the  two  outside  bays  from  the  interior  spill  bays. 
These  training  walls  extend  downstream  of  the  spillway  piers  about  two  thirds  of  the 
length  of  the  stilling  basin.  Model  tests  of  the  Ice  Harbor  spillway  indicate  the  existing 
training  walls  are  long  enough  to  prevent  erosive  activity  of  rock  debris  between  a  non¬ 
deflector  bay  to  the  outside  of  the  training  wall  and  a  deflector  bay  to  the  inside  of  the 
training  wall.  However,  a  potential  for  rock  debris  to  be  pulled  into  the  basin  in  the 
vicinity  of  the  training  walls  was  observed  in  the  model.  Most  of  the  debris  pulled  into 
the  basin  near  the  training  wall  migrated  around  the  end  of  the  wall  to  the  toe  of  the 
adjacent  deflector  spill  bay.  None  of  the  debris  remained  at  the  end  of  the  training  wall. 

Ice  Harbor  stilling  basin  conditions,  with  deflectors  on  the  eight  interior  bays,  are 
better  represented  by  conditions  within  the  Lower  Granite  stilling  basin  than  those 
which  occur  at  Lower  Monumental.  Inspection  of  the  Lower  Granite  stilling  basin 
confirmed  large  rock  debris  was  being  brought  into  the  basin  by  hydraulic  action 
caused  by  the  deflectors.  The  basin  showed  signs  of  some  erosion;  however,  no  major 
concentrated  erosion  zones  were  found.  Though  uncertainty  exists  on  how  this 
material  would  effect  the  basin  during  large,  long  duration  spill  events;  the  moderate 
spill  conditions  that  have  occurred  at  Lower  Granite  since  construction  in  1 975  have 
not  resulted  in  any  major  damage.  Thus,  debris  concerns  associated  with  the 
installation  of  deflectors  at  Ice  Harbor  are  not  such  that  construction  of  deflectors 
should  be  delayed  given  the  serious  need  to  reduce  TDG  levels  at  Ice  Harbor. 

However,  the  basin  should  be  monitored  closely  after  any  major  spills  and  results  of  the 
Lower  Monumental  Stilling  Basin  Erosion  Study  should  be  reviewed  for  possible 
application  at  Ice  Harbor. 

g.  Energy  Dissipation  with  Flood  Discharges. 

The  energy  dissipation  performance  of  the  stilling  basin  with  flood 
discharges  was  examined  in  the  sectional  model.  Flood  discharges  of  42  kcfs/bay  and 
nearly  85  kcfs/bay  (which  correspond  to  420  kefs  -  standard  project  flood;  and  850  kefs 
spillway  design  flow)  were  looked  at  both  with  and  without  deflectors  installed  at 
elevation  338  fmsi.  For  all  conditions,  there  appeared  to  be  very  strong  downstream 
velocities  at  the  top  of  the  endsill.  For  the  runs  with  the  deflectors  in  place,  it  appeared 
that  the  tailwater  surface  was  less  turbulent  downstream  of  the  endsill  than  for  the  runs 
without  deflectors  installed.  It  is  suspected  that  the  deflectors  help  dissipate  energy 
similar  to  what  baffle  blocks  do.  There  was  a  very  strong,  tight  vertical  eddy  just 
downstream  of  the  deflector.  It  is  likely  this  eddy  is  helping  to  dissipate  some  of  the 
energy.  However,  this  strong  vertical  eddy  was  also  violently  moving  the  rock  debris 
around  at  the  toe  of  the  spillway.  It  was  concluded  that  the  energy  dissipation  in  the 
stilling  basin  with  deflectors  installed  would  be  as  good  as,  or  better  than,  without 
deflectors. 
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5.05.  DEFLECTOR  INFLUENCE  ON  NAVIGATION, 
a.  Existing  Conditions. 

Generally,  it  is  more  difficult  to  exit  from  the  downstream  side  of  a 
navigation  lock  than  to  approach  it.  This  is  because  the  relative  flow  past  the  towboat 
traveling  upstream  is  faster  and  thus  provides  more  effective  steerage.  At  Ice  Harbor 
Dam,  navigation  conditions  downstream  of  the  project  are  sometimes  complicated  by 
powerhouse  discharges  flowing  diagonally  across  the  river  and  into  the  navigation 
channel.  The  cross  channel  flow  requires  tow  operators  to  steer  an  angled  course 
(crab)  to  stay  in  the  channel.  Under  extreme  conditions,  some  operators  split  larger 
tows  into  two  as  they  pass  Ice  Harbor  Dam. 

Model  studies  were  conducted  by  the  Bonneville  Hydraulic  Laboratory  in 
1 981  and  1 982  to  address  navigation  concerns  at  Ice  Harbor  Dam.  The  study  was 
conducted  to  determine  the  feasibility  of  correcting  or  improving  the  navigation 
problems  resulting  from  cross  current  flows  from  the  powerhouse.  Various  forms  of 
guidewall  extensions  and  additional  channel  excavation  were  explored.  None  of  the 
tested  modifications  succeeded  to  the  satisfaction  of  the  tow  operators  in  correcting 
conditions  downstream  from  the  lock.  Study  results  were  reported  in  Technical  Report 
No.  1 92-1 ,  1 983,  McNary  Reservoir  Navigation  at  Ice  Harbor  Dam  Snake  River, 
Washington. 

The  1983  model  report  shows  the  tendency  of  flow  to  sweep  diagonally 
across  the  river  channel  from  the  powerhouse  towards  the  navigation  channel.  This 
results  in  a  strong  cross  flow  downstream  of  the  navigation  lock  guidewall.  The  effect 
was  strongest  during  maximum  powerhouse  discharge  of  100  kefs  with  no  spill.  At 
higher  river  discharge  levels,  the  added  spillway  discharge  acted  to  buffer  and  reduce 
the  angle  of  the  flow  approaching  the  navigation  channel  and  consequently  the  degree 
of  cross  flow. 

Recently,  tow  operators  have  experienced  difficulty  approaching  and 
leaving  the  downstream  end  of  the  Ice  Harbor  navigation  lock  during  high  flow 
conditions.  The  alternate  spill  pattern,  which  was  implemented  during  the  1996  spill 
season  for  nighttime  spill  for  the  purpose  of  reducing  TDG  levels  (see  table  2),  made  it 
difficult  for  some  tow  operators  to  enter  and  exit  the  navigation  lock.  When  the 
alternate  spill  pattern  was  used,  spill  discharges  exceeding  80  kefs  resulted  in  high 
velocity  cross  channel  flows  and  strong  wave  action  downstream  of  the  navigation  lock 
guidewall.  These  conditions,  at  times,  forced  tow  operators  to  wait  until  the  spill  pattern 
was  changed  to  the  standard  pattern  (used  for  daytime  adult  fish  passage)  before 
locking  through.  During  the  1996  spill  season,  there  were  no  reported  problems 
associated  with  the  standard  spill  pattern  though,  even  when  spill  levels  exceeded 
100  kefs  and  total  river  discharges  reached  as  high  as  210  kefs. 
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b.  Projected  Conditions  with  Spillway  Deflectors. 


Preliminary  model  investigations  at  WES  have  shown  the  installation  of 
deflectors  at  Ice  Harbor  will  result  in  higher  cross  current  velocities  and  greater  surface 
turbulence.  These  conditions  may  be  similar  to  those  flow  conditions  experienced 
when  spilling  according  to  the  alternate  pattern  and  will  likely  affect  barge  traffic  to 
some  degree. 

The  effect  of  deflectors  on  cross  flow  currents  downstream  of  the  navigation 
lock  were  evaluated  using  the  new  Ice  Harbor  1 :55  scale  general  model  at  WES. 
Conditions  downstream  of  the  guidewall  were  evaluated  for  total  river  flows  of 
150  kefs  (90  kefs  powerhouse  discharge  and  60  kefs  spill  discharge)  and  225  kefs 
(90  kefs  powerhouse  and  135-kcfs  spill).  Figures  7  through  10  show  velocity 
measurements  recorded  for  both  the  base  conditions  and  the  8  spillway  deflector 
conditions.  With  deflectors  installed  on  the  center  8  spill  bays,  the  cross  channel 
current  flows  into  the  navigation  channel  approximately  400  feet  downstream  of  the 
guidewall  and  did  not  vary  significantly  from  base  conditions  at  150  kefs.  However, 
mid-river  channel  velocities  directed  downstream  and  toward  the  navigation  channel 
increased  by  as  much  as  50  percent.  Mid-river  channel  flows  for  the  base  condition 
ranged  from  6  to  8  feet  per  second  (fps),  while  flows  with  deflectors  ranged  from 
9  to  12  fps.  Because  of  model  limitations,  it  was  not  possible  to  evaluate  the  effect  of 
deflectors  on  cross  channel  flows  further  downstream.  Previous  model  studies  indicate 
cross  flows  to  the  navigation  channel  approximately  600  feet  downstream  of  the 
guidewall  were  6  to  7  fps  at  river  flows  of  1 50  kefs.  It  has  been  estimated  that  these 
flows  may  increase  to  as  much  as  10  fps  with  the  installation  of  deflectors.  The  velocity 
of  cross  channel  flows  for  the  base  condition  of  225  kefs  ranged  from  6  fps,  400  feet 
downstream  of  the  guidewall  to  12  fps  in  mid-river.  These  conditions  were  very  similar 
to  deflector  flows  at  1 50  kefs  total  river  discharge.  The  8  spillway  deflector  condition 
with  225  kefs  total  river  flow  increased  cross  channel  velocities  of  5  and  6  fps  to  6  and 
7  fps  at  a  point  400  feet  downstream  of  the  lock  guidewall.  The  deflectors  increased 
the  mid-river  flows  from  a  range  of  8  to  12  fps  to  a  range  of  10  to  16  fps.  This  is  likely 
to  increase  cross  channel  flow  velocities  by  2  to  4  fps,  600  to  800  feet  downstream  of 
the  guidewall. 

5  06.  DEFLECTOR  INFLUENCE  ON  ADULT  FISH  PASSAGE  CONDITIONS, 
a.  General. 

Hydraulic  conditions  downstream  of  the  stilling  basin  and  in  the  vicinity  of 
the  fishway  entrances  are  critical  to  adult  fish  passage.  An  evaluation  of  tailrace 
conditions  was  required  to  determine  the  optimum  number  of  spillway  deflectors  and  to 
develop  spill  patterns  that  would  provide  the  best  hydraulic  conditions  for  adult  fish 
passage. 
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b.  Tailrace  Evaluation. 


A  newly  constructed,  1:55  scale  general  model  of  Ice  Harbor  Dam  was 
used  to  evaluate  deflectors  and  potential  impacts  on  adult  fish  passage.  In  addition, 
extensions  to  the  existing  training  walls  between  spill  bays  1  and  2,  as  well  as  9  and 
10,  were  also  evaluated  as  a  means  of  improving  adult  passage  conditions.  The  model 
reproduced  the  6-unit  powerhouse,  10-bay  spillway  and  stilling  basin,  fishway 
entrances,  navigation  lock  and  guidewall,  and  the  riverbed  2,500  feet  downstream  of 
the  structure.  The  12.5-foot  deflectors  were  set  at  elevation  338  fmsi  and  the  training 
walls  were  extended  approximately  60  feet  to  the  endsill  of  the  stilling  basin.  Tailrace 
conditions  were  evaluated  and  observed  in  the  model  for  total  river  flows  of  50  to 
1 50  kefs.  Fishway  attraction  flows  were  set  at  700  cubic  feet  per  second  (cfs)  each  for 
the  south  powerhouse  entrance,  the  north  powerhouse  entrance  (NPE),  and  the  north 
spillway  entrance  (NSE).  Tailwater  elevations  ranged  from  344  to  350  fmsI. 
Observations  included  6,  8,  and  10  spill  bay  deflectors  performance  with  and  without 
extended  training  walls.  Evaluations  were  based  on  criteria  presented  in  section 
5.06.C.,  below. 

Table  3  shows  test  conditions  observed  and  the  spill  pattern,  which 
appeared  to  provide  the  best  possible  tailrace  conditions  for  adult  passage.  Figures  1 1 
through  21  identify  general  flow  patterns  associated  with  these  test  conditions. 

Because  of  an  accelerated  design  and  construction  schedule  for  deflectors  at  Ice 
Harbor,  detailed  velocity  measurements  of  test  conditions  could  not  be  completed  in 
time  for  publication  of  this  design  memorandum.  Velocity  measurements  for  both 
interim  and  final  design  conditions  will  be  made  and  included  in  a  letter  supplement  to 
this  report. 

c.  Evaluation  Criteria. 

Adult  fish  passage  conditions  were  evaluated  in  the  Ice  Harbor  Dam’s 
general  model  by  Corps  biologists  and  engineers  as  well  as  experts  in  adult  passage 
from  the  National  Marine  Fisheries  Service  (NMFS)  and  the  University  of  Idaho.  The 
purpose  of  this  evaluation  was  to  determine  the  optimum  number  of  spillway  deflectors 
and  to  develop  a  spill  pattern  that  provides  efficient  fish  passage  conditions. 

Criteria  developed  by  Junge  and  Carnegie  (1972)  for  the  Fish  Commission 
of  Oregon  were  used  as  general  guidelines.  These  guidelines  identify  visual  cues  for 
both  desirable  and  undesirable  flow  conditions  for  adult  fish  passage  and  are  listed 
below. 


(1)  Desirable  Spillway  Characteristics  for  Adult  Passage 

(a)  Undisturbed  and  uninterrupted  flow  from  the  fishways  should  be 
directed  downstream.  It  is  most  important  when  high  flows  from  the  spillway  are 
competing  with  flow  from  the  fishway. 
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(b)  There  should  be  sufficiently  high  velocities  downstream  from  the 
spillway  to  prevent  fish  from  approaching  the  spillway  directly, 

(c)  There  should  be  a  velocity  barrier  angling  towards  the  fishway 
entrances.  A  white  water  lead  or  series  of  standing  waves  may  be  an  indicator  of  the 
presence  of  such  a  barrier. 

(d)  When  total  spill  volumes  are  insufficient  to  prevent  fish  from 
approaching  the  spillway,  it  is  generally  recommended  that  the  spillway  discharge  be 
concentrated  on  the  end  spill  bays  so  fish  are  attracted  to  the  vicinity  of  the  fishways  at 
either  side  of  the  spillway. 

(2)  Undesirable  Spillway  Conditions  for  Adult  Passage. 

(a)  When  relatively  small  volumes  of  water  are  spilled,  such  spills 
should  not  be  released  at  the  central  spill  bays.  These  spills  will  attract  fish  to  an  area 
remote  from  the  fishway  entrances  and  could  cause  delays.  Small  spills  should  be 
concentrated  near  the  end  spill  bays  to  provide  attraction  flows  near  the  fishway 
entrances. 


(b)  Excessive  spill  from  the  end  spill  bays  adjacent  to  a  fishway 
(particularly  near  the  navigation  lock  wall)  can  cause  severe  turbulence  directly  below 
the  fishway  entrances.  Such  turbulence  below  a  fishway  can  seriously  block  passage. 

(c)  When  excessive  spill  from  spill  bays  adjacent  to  the  powerhouse 
converge  with  large  flows  from  the  powerhouse,  standing  waves  may  be  formed  directly 
below  the  fishway  entrance  between  the  spillway  and  the  powerhouse.  This  condition 
may  create  a  hydraulic  barrier  preventing  access  to  the  fishway  entrance. 

(d)  During  high  spills,  strong  currents  may  be  directed  sharply 
toward  the  shore,  below  the  fishway  entrances,  creating  waves  breaking  against  the 
navigation  guidewall.  These  higher  discharges  may  also  distort  the  white  water  lead  on 
the  powerhouse  side  of  the  spillway,  directing  fish  beyond  the  main  fishway  entrance 
and  toward  the  turbine  boil. 

(e)  Excessive  downstream  velocities  along  the  shore,  below  the 
fishway  entrance,  may  prevent  fish  from  reaching  the  fishway.  Velocities  in  excess  of 
7  or  8  fps  for  an  extended  distance  are  not  desirable. 

(f)  High  discharges  from  interior  spill  bays  that  have  deflectors  can 
create  large  eddies  below  the  fishways.  This  will  often  result  in  upstream  flows  along 
the  fish  ladder  wall  and  navigation  guidewall.  Under  severe  conditions,  these  upstream 
flows  may  continue  almost  to  the  fishway  entrance  canceling  out  the  attraction  flows 
from  the  fishway. 
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d.  Baseline  Conditions  -  No  Deflectors. 


Spill  discharges  for  baseline  test  conditions  were  in  accordance  with  the 
standard  fish  passage  spill  pattern.  An  eddy  was  observed  downstream  of  NSE  along 
the  wall  of  the  north  shore  fish  ladder  for  all  baseline  tests.  The  length,  width,  and 
intensity  varied  with  spill  discharge.  With  25-kcfs  spill,  the  attraction  flow  from  the 
north  entrance  would  typically  meander  to  the  south  along  the  outer  edge  of  the  eddy 
and  merge  with  the  discharge  of  spill  bay  1 0  (figure  1 1 ).  Higher  discharges  of  45  to  60 
kefs  increased  the  intensity  of  the  eddy  and  created  a  cross  flow  below  the  NSE  that 
would  force  the  entrance  flows  across  and  into  the  stilling  basin  below  spill  bay  10 
(figure  12). 


Flow  from  the  NPE  was  influenced  by  the  upwelling  of  powerhouse 
discharge.  The  attraction  flow  from  this  entrance  was  typically  directed  downstream 
along  the  outer  edges  of  discharge  from  spill  bay  1. 

e.  Six  Deflectors  -  Soill  Bavs  3  Through  8 

The  tailrace  conditions  observed  during  tests  with  the  six  spillway 
deflectors  were  similar  to  the  base  conditions.  With  25-kcfs  spill,  a  slow  back  eddy  was 
noticed  downstream  of  the  fishway  entrance  along  the  wall  of  the  north  shore  fish 
ladder.  The  eddy  had  little  influence  on  the  attraction  flows  of  the  NSE.  This  eddy  was 
present  under  all  conditions,  it  varied  in  width,  length,  and  intensity  depending  on  spill 
discharge  and  gate  operation  (figures  13,  14,  and  15).  With  increased  spill,  the  eddy 
became  more  intense  and  moved  upstream  closer  to  the  NSE  creating  a  cross  current 
that  directed  the  entrance  flow  across  the  end  of  the  stilling  basin.  The  NPE  attraction 
flows  were  also  similar  to  the  base  conditions.  When  discharging  60  kefs,  an 
intermittent  eddy  would  form  downstream  of  spill  bay  1  and  the  NPE. 

In  general,  adult  fish  attraction  flows  compared  well  to  the  base  conditions 
for  all  spill  flows  up  to  60  kefs.  However,  higher  discharges  were  needed  through  non¬ 
deflector  spill  bays  2  and  9  to  provide  the  best  conditions  near  fishway  entrances  and 
to  prevent  large  slack  water  regions  that  could  contribute  to  predation  of  juveniles.  The 
spill  pattern  required  as  much  as  45  percent  of  the  total  spill  flow  through  non-deflector 
spill  bays,  significantly  reducing  the  potential  for  minimizing  TDG  levels. 

f.  Eight  Deflectors  -  Soill  Bavs  2  Through  9 

Flow  patterns  with  deflectors  in  spill  bays  2  through  9  did  not  change  much 
from  the  base  conditions  with  a  discharge  of  25  kefs.  A  mild  eddy  was  present 
downstream  of  the  NSE,  along  the  north  wall  of  the  fishway.  This  eddy  extended 
approximately  200  feet  downstream  of  the  basin  endsill  (figure  16).  Higher  spill 
discharges  of  45  and  60  kefs  resulted  in  eddies  that  were  narrower  and  more  intense 
than  the  base  condition  (figures  17  and  18).  Upstream  velocities  along  the  north 
fishway  wall  were  higher  and  the  eddies  created  cross  flows  in  front  of  the  NSE.  The 
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entrance  attraction  flows  appeared  to  be  assimilated  into  the  eddy  or  forced  into  the 
stilling  basin  below  spill  bay  10. 

Entrance  flows  from  the  NPE  were  influenced  by  the  upwelling  of 
powerhouse  flows,  but  generally  swept  diagonally  across  the  end  of  the  stilling  basin 
below  spill  bay  1 .  A  mild  eddy  would  occasionally  develop  and  disperse  downstream  of 
powerhouse  unit  6  and  spill  bay  1 .  The  occurrence  of  this  eddy  however,  does  not 
appear  to  be  an  impediment  for  adult  fish  passage. 

Some  of  the  discharge  from  non-deflector  spill  bays  1  and  10  was  drawn 
around  the  existing  training  walls  to  the  spillway  toe  beneath  the  adjacent  deflector  spill 
bays.  This  condition  was  prominent  for  all  spill  conditions,  but  would  not  seem  to 
negatively  impact  adult  fish  passage.  However,  it  may  potentially  increase  the 
generation  of  TDG  by  pulling  high  concentrations  of  entrained  air  from  spill  bays 
1  and  10  to  a  depth  below  the  deflectors.  It  was  also  noted  that  powerhouse  flows 
could  be  drawn  into  the  basin  by  reducing  or  restricting  the  discharge  of  spill  bay  1 . 

This  type  of  operation  may  assist  in  diluting  the  saturated  spill  discharge. 

Extending  the  training  wall  between  spill  bays  9  and  10  pushed  the  north 
side  eddy  further  downstream,  away  from  the  NSE.  It  also  eliminated  the  cross  flow 
below  the  entrance  and  prevented  the  attraction  flow  from  entering  the  basin  below  spill 
bay  10.  Adult  fish  passage  conditions  were  improved  for  all  spill  discharges  up  to 
60  kefs  (figures  19,  20,  and  21).  The  extended  training  wall  between  spill  bays  1  and  2 
prevented  the  diagonal  flow  across  the  stilling  basin  and  the  formation  of  eddies  below 
the  NPE  and  spill  bay  1,  but  did  not  seem  to  greatly  improve  the  adult  fish  passage 
conditions  below  this  entrance.  The  extensions  also  prevented  the  non-deflector  spill 
bay  discharge  from  being  pulled  into  the  basin  below  the  deflector  spill  bays  and  may 
provide  additional  benefits  in  reducing  TDG. 

A  uniform  spill  discharge  through  the  8  deflector  spill  bays  with 
approximately  2,000  cfs  through  the  end  spill  bays  provided  the  best  tailrace  conditions 
both  with  and  without  the  extensions.  This  pattern  reduced  the  size  of  the  north  side 
eddy  and  minimized  slack  water  in  the  tailrace. 

g.  Ten  Deflectors  -  All  Spill  Bays. 

Deflectors  across  all  1 0  spill  bays  with  an  extended  training  wall  between 
spill  bays  9  and  10  appeared  to  provide  adequate  adult  fish  passage  conditions  for  all 
spill  discharges  to  60  kefs  and  total  river  flows  of  150  kefs.  A  detailed  investigation  and 
documentation  of  flow  conditions  for  10  deflectors  has  not  yet  been  completed. 
However,  it  may  be  possible  to  maximize  the  dissolved  gas  reduction  capability  and 
provide  the  best  entrance  conditions  for  both  the  NPE  and  NSE  by  optimizing  the 
deflector  elevation  in  spill  bays  1  and  10. 


A  preliminary  look  with  temporary  deflectors  in  spill  bays  1  and  10  and  an 
extended  training  wall  between  spill  bays  9  and  10  seemed  to  provide  very  similar 
tailrace  conditions  to  the  8  bay  deflector  test  with  training  wall  extensions.  The  fishway 
entrance  conditions  are  greatly  influenced  by  the  elevation  of  the  deflectors  as  well  as 
the  discharge  through  the  outer  spill  bays.  A  more  detailed  study  is  needed  to 
determine  the  optimum  elevation  of  deflectors  in  spill  bays  1  and  10  and  to  identify  the 
best  possible  spill  pattern. 

h.  Summary. 

The  1976  Ice  Harbor  deflector  model  study  (referenced  in  section  4.04.b.) 
indicated  the  best  attraction  flows  existed  at  the  fishway  entrances  when  deflectors 
were  installed  in  bays  3  through  8.  It  was  also  noted  that  the  reduction  in  gas 
supersaturation  would  not  be  as  effective  as  other  deflector  combinations.  To  provide 
adequate  passage  conditions,  the  six  deflector  arrangement  required  high  discharges 
through  the  non-deflector  bays  2  and  9.  It  also  left  4  of  the  1 0  spill  bays  without 
deflectors.  The  1976  study  focused  primarily  on  involuntary  spill, operations  and 
evaluated  flow  conditions  for  total  river  flows  of  160  kefs  and  greater.  Among  the 
reasons  for  not  installing  spillway  deflectors  following  this  study,  were  deflectors  had 
been  installed  on  the  three  Snake  River  dams  upstream  of  Ice  Harbor  and  Ice  Harbor 
Dam  had  increased  its  powerhouse  capacity  by  expanding  from  three  turbine  units  to 
six.  In  addition,  the  schedule  for  adding  turbine  units  to  the  upstream  projects  had 
been  accelerated. 

The  objective  of  the  most  recent  model  study  was  similar  to  the  1976  study 
with  the  exception  of  the  river  flows  considered.  This  study  evaluated  flow  conditions 
most  likely  to  influence  adult  passage.  Fish  ladder  counts  indicate  the  movement  of 
adult  fish  in  the  Snake  River  system  decrease  dramatically  as  flows  begin  to  exceed 
150  kefs.  Therefore,  this  model  study  focused  on  total  river  flows  less  than  150  kefs, 
and  spill  discharges  that  ranged  from  25  to  60  kefs.  Tailrace  conditions  were  observed 
with  deflectors  on  6,  8,  and  1 0  bays. 

Both  regional  and  Corps  biologist  and  engineers  determined  deflectors 
should  be  installed  on  bays  2  through  9.  Impacts  to  adult  passage  would  be  no  worse 
than  existing  conditions  for  spill  flows  up  to  45  kefs.  Though  spill  discharges  of  45  to 
60  kefs  resulted  in  conditions  which  appeared  worse  than  the  existing  no-deflector 
conditions,  it  was  determined  these  conditions  would  be  acceptable  as  an  interim 
operation. 

Extended  training  walls  in  addition  to  the  8  spillway  deflectors  were  also 
observed.  An  extension  of  the  north  training  wall  (between  spill  bays  9  and  10)  greatly 
improved  flow  conditions  below  the  NSE.  Conditions  appeared  better  than  existing  no¬ 
deflector  conditions  for  all  spill  flows  up  to  60  kefs.  Extending  both  the  north  and  south 
training  wall  may  allow  deflectors  to  be  installed  in  spill  bays  1  and  10  without 
negatively  impacting  adult  passage.  It  was  determined  that  an  extension  to  the  north 
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training  wall  should  be  constructed  following  the  installation  of  the  initial  8  spillway 
deflectors.  Further  model  studies  and  evaluations  are  needed  to  determine  the 
benefits  and  need  for  extending  the  south  side  training  wall  and  additional  deflectors  in 
spill  bays  1  and  10. 

A  spill  pattern  designed  to  provide  the  best  possible  adult  passage 
conditions  within  the  tailrace  is  included  in  table  4.  This  table  has  been  developed  as  a 
general  guide  and  will  likely  require  adjustment  following  prototype  evaluation.  This 
pattern  should  be  followed  for  daytime  spill  operations  (06:00  to  18.00  hours)  when 
most  of  the  adult  fish  move  through  the  system.  For  the  most  effective  reduction  of 
TDG,  the  spill  should  be  evenly  distributed  across  the  eight  deflector  bays,  with  no  spill 
through  bays  1  and  10.  This  pattern  should  be  implemented  during  nighttime 
operations  (18:00  to  06:00  hours)  when  there  is  little  adult  fish  passage  through  the 
fishways. 


Although  the  focus  of  the  latest  model  study  was  primarily  on  adult  passage 
conditions,  spill  patterns  were  also  evaluated  for  potential  impacts  on  juveniles.  Large 
eddies  and  slack  water  regions  were  identified  as  possible  regions  for  predators.  The 
spill  patterns  were  adjusted  to  provide  the  best  possible  adult  passage  conditions  while 
reducing  potential  areas  of  predation. 

5.07.  CONCLUSIONS  AND  RECOMMENDATIONS. 

Spillway  deflectors  at  Ice  Harbor  Dam  should  be  12.5  feet  long  with  a 
15-foot-radius  fillet  between  the  deflectors  and  the  spillway.  The  deflectors  installed  on 
the  8  central  bays  should  be  located  at  elevation  338  fmsi.  Hydraulic  model  tests 
indicate  the  existing  training  walls  are  long  enough  to  prevent  erosive  rock  debris 
movement  in  the  vicinity  of  the  training  wall.  However,  there  is  the  potential  for  erosion 
at  the  spillway  toe  due  to  rock  debris  movement  caused  by  the  hydraulic  action  of  the 
spillway  deflectors.  The  studies  have  also  shown  that  energy  dissipation  in  the  stilling 
basin  under  flood  discharges  will  be  as  good  as  the  existing  energy  dissipation. 

Preliminary  model  investigations  at  WES  indicate  that  installation  of  deflectors  at 
Ice  Harbor  will  result  in  higher  cross  channel  velocities  and  greater  surface  turbulence 
near  the  end  of  the  downstream  navigation  lock  guidewall.  These  conditions  are  likely 
to  make  it  more  difficult  for  barge  traffic  to  navigate  into  and  out  of  the  lock. 

General  observations  of  flow  patterns  and  velocity  measurements  were  used  to 
assess  the  potential  impacts  of  spillway  deflectors  on  adult  passage  conditions. 
Because  of  the  critical  need  to  minimize  the  adverse  impacts  of  TDG,  Corps  biologist 
and  engineers  as  well  as  adult  fish  passage  experts  from  NMFS  and  the  University  of 
Idaho  have  recommended  the  immediate  installation  of  deflectors  on  spill  bays  2 
through  9.  After  the  eight  deflectors  have  been  installed,  the  Corps  of  Engineers  Fish 
Passage  Plan  must  be  revised  to  include  the  new  spill  pattern  shown  in  table  4.  This 
spill  pattern  should  be  implemented  during  daylight  hours.  Nighttime  spill  should  be 
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evenly  distributed  over  the  deflector  bays  with  no  spill  discharge  through  the  two  non¬ 
deflector  bays. 

It  is  also  recommended  to  continue  evaluation  of:  1)  navigation  conditions  with 
spillway  deflectors  installed;  2)  spillway  deflectors  in  spill  bays  1  and  10;  3)  extensions 
to  the  existing  training  walls;  and  4)  potential  modifications  to  the  north  shore  fishway 
entrance.  These  modifications  will  be  evaluated  in  the  Ice  Harbor  1:55  scale  model. 
Any  further  recommendations  based  on  these  evaluations  will  be  made  in  a 
supplemental  letter  to  this  design  memorandum. 
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SECTION  6.0  -STRUCTURAL  DESIGN  CRITERIA 


6.01.  DESIGN  CRITERIA  AND  CODES 

a.  Engineering  Manual  1 1 1 0-2-2200,  Gravity  Dam  Design, 

25  September  1958. 

b.  Engineering  Manual  1 1 1 0-2-2 1 04,  Strength  Design  for  Reinforced-Concrete 
Hydraulic  Structures,  30  June  1 992. 

c.  American  Concrete  Institute  (ACI)  31 8-95,  Building  Code  Requirements  for 
Structural  Concrete. 

d.  American  Institute  of  Steel  Construction  (AISC),  Manual  of  Steel 
Construction,  Allowable  Stress  Design,  9th  Edition. 

e.  American  Welding  Society  (AWS),  ANSI/AWS  D1 . 1  -96,  Structural  Welding 
Code  -  Steel. 

6.02.  SPILLWAY  DEFLECTORS  AND  SHORT  PIER  EXTENSIONS 

Reinforced  concrete  was  selected  as  the  preferred  material  to  construct  the 
spillway  deflectors  and  short  pier  extensions  adjacent  to  the  deflectors.  Structural  steel 
was  also  considered  for  its  ability  to  be  installed  without  dewatering.  But,  due  to  the 
unknown  magnitude  of  stress  ranges  and  vibration  frequencies  to  which  the  steel 
structure  would  be  subjected,  the  massive  and  proven  concrete  deflector  was  selected. 

The  following  load  cases  were  considered  in  the  design  of  the  spillway 
deflectors  and  short  pier  extensions: 

a.  Case  one  -  Construction  condition:  gravity  load  without  hydraulic  loads. 

b.  Case  two  -  Normal  operation  condition:  minimum  tailwater  at  elevation 
335  feet  mean  sea  level  (fmsi)  with  and  without  ice  loading  of  10,000  pounds  per  foot  at 
elevation  334  fmsI. 

c.  Case  three  -  Normal  operation  condition:  maximum  tailwater  at 
elevation  375  fmsi,  adjacent  spill  bays  assumed  to  be  spilling. 

d.  Case  four  -  Spill  condition:  tailwater  at  elevation  338  fmsi,  hydraulic 
pressure  of  5,300  pounds  per  square  feet  (psf)  applied  to  the  complete  top  surface  of 
the  deflector  except  for  the  last  (downstream)  3.5  feet.  The  hydraulic  pressure  on  this 
downstream  portion  of  the  deflector  varies  linearly  from  2,500  psf  at  the  downstream 
edge  to  5,300  psf  3.5-feet  upstream.  This  loading  is  for  a  spill  discharge  of 
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85,000  cfs/bay  and  is  based  on  results  of  spillway  deflector  model  tests  for  McNary, 
Lower  Monumental,  and  Lower  Granite  Dams. 

e.  Case  five  -  Normal  operation  condition  with  earthquake:  tailwater  at 
elevation  348  fmsi  and  a  seismic  acceleration  of  0.1  Og. 

f.  Case  six  -  Hydraulic  pressure  in  the  interface  immediately  after  spill  has 
stopped:  tailwater  at  elevation  338  fmsI  and  assuming  the  hydraulic  pressure  in  the 
interface  of  the  existing  ogee  and  the  deflector  is  linear  from  the  tailwater  pressure  at 
the  bottom  edge  to  5,300  psf  at  the  top  edge. 

For  load  cases  two,  three,  four,  and  five  the  hydraulic  pressure  in  the  interface 
was  considered  or  neglected  to  determine  the  worst  case  loading.  Load  cases  four  and 
six  were  the  critical  load  cases  requiring  numerous  steel  anchors  acting  in  tension  and 
shear  friction  to  resist  the  imposed  loads. 
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SECTION  7.0  -  CONSTRUCTION  METHODS 


7.01.  GENERAL. 

Spillway  deflectors  are  to  be  constructed  on  the  interior  eight  spill  bays  of  the 
Ice  Harbor  Dam’s  Spillway  Dam.  Each  spill  bay  is  50  feet  wide,  separated  by  a 
10-foot  pier.  The  spillway  deflectors  (plate  3)  form  a  reverse  ogee  and  redirect  the 
spillway  flow  from  plunging  deep  into  the  stilling  basin  to  a  more  surface-oriented, 
horizontal  direction.  The  top  surface  of  the  deflector  is  a  vertical  curve  with  a  radius  of 
1 5  feet  that  transitions  from  the  spillway  slope  to  a  horizontal  surface.  This  horizontal 
surface  is  about  1  to  9  feet  below  normal  tailwater  elevations. 

The  deflectors  will  be  concrete  structures,  anchored  to  the  spillway  slope.  The 
anchor  design  provides  for  stability  against  the  tensile  force  on  the  deflector  from 
hydraulic  uplift  forces  in  the  interface,  between  the  new  concrete  and  the  sloped 
spillway  surface.  The  anchors  also  provide  shear  resistance  for  the  deflector. 

7.02.  DEWATERING 

a.  General  Considerations. 

Spillway  deflectors  have  been  constructed  at  several  projects.  In  the  early 
1970’s,  spillway  deflectors  were  constructed  at  Lower  Monumental  Dam.  The  last 
deflector  installation  completed  by  the  U.S.  Army  Corps  of  Engineers  (Corps),  Walla 
Walla  District  was  for  18  spillway  bays  at  McNary  Dam  in  1975.  Several  dewatering 
schemes  were  considered  for  the  Ice  Harbor  Dam  project.  However,  no  dewatering 
method  will  be  specified  in  the  contract.  A  summary  of  the  possible  schemes  follows. 

b.  McNary  Floating  Bulkhead  Scheme. 

Two  floating  bulkheads  were  designed  and  constructed  for  construction  of 
the  McNary  spillway  deflectors.  These  70-ton  units  were  provided  as  Government- 
furnished  property  to  General  Construction  Company  for  the  deflector  construction 
contract.  The  bulkheads  are  a  three-chambered  unit  that  span  the  full  spillway  spill  bay 
and  seal  against  the  spillway  surface  and  the  pier  walls.  The  unit  was  submerged  by 
filling  the  chambers  with  water.  Attached  to  the  bulkheads  is  an  innovative  seal  system 
to  prevent  large  volumes  of  water  from  entering  the  placement  area.  Anchor  bolts  were 
installed  to  secure  the  end  walls  as  the  enclosure  was  dewatered.  Upon  completion  of 
the  McNary  work,  the  bulkheads  were  transported  to  Ice  Harbor  Dam  and  stored  on  the 
left  shore  upstream  of  the  dam. 

Based  on  the  excellent  performance  of  the  bulkheads  at  McNary  Dam,  the 
ideal  situation  would  be  to  rehabilitate  the  existing  bulkheads  and  furnish  them  to  the 
Ice  Harbor  Dam’s  deflector  contractor.  An  alternate  situation  would  be  to  fabricate  new 
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bulkheads  of  the  same  design  and  furnish  them  to  the  deflector  contractor. 
Unfortunately,  there  is  not  sufficient  lead  time  to  initiate  this  work.  Furthermore, 
because  of  the  uncertainty  in  the  condition  of  the  existing  bulkheads,  they  will  not  be 
furnished  to  the  contractor  for  use  at  Ice  Harbor  Dam. 

c.  Navigation  Lock  Floating  Bulkhead  Scheme. 

Each  navigation  lock  for  the  Snake  River  dams  and  McNary  Dam  is 
equipped  with  a  floating  bulkhead.  This  bulkhead  is  used  to  dewater  the  navigation 
lock  and  may  be  positioned  either  at  the  upstream  or  downstream  end  of  the  navigation 
lock.  The  floating  bulkheads  span  88  feet  at  a  depth  of  23  feet.  They  are  designed  to 
be  interchangeable  between  projects.  With  the  addition  of  several  steel  members,  two 
floating  bulkheads  may  be  utilized  to  dewater  three  spillway  spill  bays  simultaneously. 
Details  of  the  additional  members  are  shown  on  plates  6  through  19. 

Required  modifications  are  necessary  to  extend  the  height  of  the  bulkhead 
for  this  deeper  application.  In  addition,  seals  must  be  provided  at  bearing  points  and 
braces  provided  to  support  the  bulkhead  when  the  placement  area  is  dewatered.  Upon 
contract  award,  immediate  fabrication  of  the  training  wall  seals,  couple  seal  and  brace, 
end  wall  and  brace,  and  the  base  table  is  necessary.  Each  of  these  members  must  be 
installed  and  anchored  underwater  using  divers.  Only  then  can  the  floating  bulkheads 
be  positioned  over  the  base  table  and  against  the  seal  members  and  subsequently 
sunk  into  position. 

Late  in  the  design  phase,  it  was  decided  to  extend  the  piers.  This  change 
practically  eliminates  the  use  of  the  navigation  lock  floating  bulkheads  as  a  possible 
contractor  option.  The  new  configuration  makes  possible  a  simpler  forming/bulkhead 
system  and  eliminates  the  major  cost  of  fabricating  bulkhead  accessories. 

d.  Other  Formwork  Systems. 

Several  other  schemes  may  be  possible  for  deflector  construction.  The 
contractor  may  fabricate  a  relatively  simple  form  against  which  concrete  may  be  placed. 

e.  Specifications. 

The  contract  documents  will  provide  detailed  criteria  for  a  dewatering 
system  without  specifying  the  type  of  dewatering  system. 

7.03.  ANCHOR  INSTALLATION. 

a.  General  Considerations. 

During  the  period  of  form/bulkhead  fabrication,  holes  for  anchors  must  be 
installed.  The  short  work  window  and  possible  access  problems  encourage  the  drilling 
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of  anchor  holes  prior  to  setting  formwork/bulkheads  and  unwatering.  The  stability  of 
the  deflectors  is  wholly  dependent  on  properly  installed  anchors.  Approximately  one 
third  of  the  anchors  are  located  in  the  upper  radius  zone  and  the  remaining  two  thirds 
anchor  the  more  bulky  lower  section.  Anchor  depths  average  approximately  6.5  feet. 

b.  In-Water  Drilling. 

Under  land-based  conditions,  holes  of  this  type  would  be  drilled  with  a 
rotary  percussion  drill  (track  drill)  in  a  very  short  period  of  time.  However,  over  water, 
the  equipment  must  be  mounted  on  a  barge.  Most  likely,  two  drills  will  be  mounted  on  a 
barge  and  drilling  into  the  spillway  face  controlled  by  using  pre-fabricated  steel 
templates.  Depending  on  the  dewatering  scheme,  a  certain  number  of  anchors  must  be 
drilled  before  dewatering  can  commence.  The  remaining  holes  can  be  drilled  at  other 
spillway  bays  while  concrete  operations  proceed.  The  total  volume  of  drill  cuttings, 
which  is  in  the  form  of  coarse  sand,  is  approximately  10  cubic  yards  (10,000  linear  feet 
of  3-inch  diameter  drill  hole).  Turbidity  will  be  controlled  by  specifying  a  limited  number 
of  nephelometric  turbidity  units  above  background  levels,  measured  some  distance 
downstream  of  the  work  area. 

c.  Possible  Underwater  Bar  Installation. 

Specifications  will  not  permit  bar  splices  in  the  anchors.  Consequently, 
each  anchor  must  be  a  single  unit.  Since  the  clearance  between  the  bulkhead  and  the 
spillway  face  is  limited  in  the  lower  zones,  anchors  must  be  installed  prior  to  setting  the 
bulkhead.  Specifications  will  allow  replacement  of  the  bars  and  upon  dewatering,  the 
bars  may  then  be  grouted  in  dry  holes. 

7.04.  EXCAVATION  METHODS. 

a.  General  Considerations. 

Concrete  excavation  is  limited  to  two  areas  in  the  spillway.  The  main  area 
of  excavation  is  the  upper  radius  of  the  deflector  where  a  7  foot  length  and  up  to 
2  foot  depth  of  concrete  must  be  removed  for  the  full  width  of  the  spillway  spill  bay. 

The  volume  of  concrete  to  be  removed  per  spillway  bay  is  approximately  26  cubic 
yards.  In  all  cases,  the  radius  concrete  removal  will  be  done  within  the  work  area 
enclosure  and  completely  removed  from  the  placement  area.  It  is  anticipated  that  the 
contractor  will  do  removal  after  placement  of  the  lower  lift  of  concrete.  This  concrete 
provides  a  working  platform  to  access  the  removal  area.  Other  areas  of  concrete 
removal  are  minor  areas  where  form  and  bulkhead  supports  are  founded  against  the 
spillway  structure.  These  areas  could  be  excavated  by  divers  using  chipping  guns.  So 
far  as  practical,  the  extricated  concrete  will  be  collected  and  removed  from  the  stilling 
basin. 
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b.  Drilling/Removal  Methods. 


Several  methods  of  concrete  removal  in  the  upper  radius  are  available  to 
the  contractor.  Drilling  a  pattern  of  holes  and  fracturing  the  concrete  using  hydraulic 
splitters  is  a  very  feasible  method  of  concrete  removal.  If  large  equipment  can  access 
the  area,  the  use  of  a  hydraulic  hammer  may  be  possible.  Both  methods  are  routine 
excavation  methods  using  readily  available  equipment.  While  not  likely,  the  contractor 
may  seek  approval  to  drill  the  area  and  split  the  concrete  using  very  light  explosives. 
This  option  is  more  attractive  for  removal  of  concrete  to  a  greater  depth.  Blasting 
operations  would  be  in  dry  conditions  using  blast  mats. 

7.05.  CONCRETE  PLACEMENT. 

Concrete  for  the  spillway  deflectors  will  be  placed  by  conventional  (in-the-dry) 
methods. 

The  design  of  the  deflector  requires  that  the  top  surface,  which  is  subject  to  the 
high  velocity  of  spillway  discharges,  be  a  superior  quality  concrete,  capable  of  long¬ 
term  performance.  The  concrete  below  this  “topping,”  forming  most  of  the  concrete 
volume,  need  only  be  a  conventional  quality  concrete. 

Cleaning  and  roughening  of  the  spillway  surface  must  be  done  prior  to 
concrete  placement.  The  area  against  which  concrete  is  to  be  placed  will  be  cleaned 
with  a  high  pressure  water  jet.  A  unit  capable  of  up  to  10,000  pounds  per  square  inch 
(psi)  may  be  necessary  to  provide  adequate  cleaning  and  the  required  amplitude  of 
1 /4-inch  roughness. 

a.  Concrete  Plants. 

A  major  consideration  in  planning  concrete  placement  operations  is  the 
time  that  may  elapse  from  the  initial  mixing  of  the  concrete  to  final  placement.  This  is 
especially  true  when  complex  concrete  mixtures  containing  several  critical  admixtures 
are  used  in  applications  where  the  mixture  workability  is  a  key  factor  in  a  successful 
placement.  Generally,  on-  or  near-site  batch  plants  are  preferred  for  placements  where 
time  delays  are  likely.  Relatively  sophisticated  batch  plants  in  the  Tri-Cities,  WA 
(Pasco.  Richland,  and  Kennewick)  are  capable  of  providing  concrete  in  the  required 
timeframe.  Given  the  proximity  of  sophisticated  ready-mix  concrete  plants,  it  is  unlikely 
that  the  contractor  will  elect  to  batch  materials  onsite,  much  less  mobilize  a  floating 
operation. 

b.  Conventional  Placement  Methods  (In  Dry). 

Concrete  will  be  delivered  to  the  placement  area  by  transit  mixer.  The 
concrete  pump  will  most  likely  be  located  on  the  top  of  the  dam  near  the  spill  bay  under 
construction  or  on  the  tailrace  deck  next  to  the  powerhouse.  Pumping  concrete  from 
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the  top  of  the  dam  presents  several  problems.  Negative  pressures  from  pumping 
concrete  to  a  lower  elevation  can  prevent  the  continuous  flow  of  concrete.  The 
specifications  will  allow  drop  pipes  to  be  used  so  long  as  a  collection  hopper  is  used  at 
the  base  of  the  drop  line  and  measures  taken  to  prevent  the  segregation  of  concrete. 
Pumping  from  the  tailrace  deck  eliminates  most  of  the  negative  pressure  problems; 
however,  it  requires  that  the  pumpline  be  installed  across  the  spillway  bays. 

Placement  of  the  concrete  into  the  forms  will  be  done  in  the  conventional 
manner  of  placing  pumped  concrete.  Concrete  will  be  placed  continuously  in 
approximately  3-foot  lifts  for  a  total  of  approximately  200  cubic  yards.  Similar 
operations  at  Ice  Harbor  Dam  using  concrete  batched  near  Richland,  WA  required 
8  transit  mixers  and  10  hours  to  complete. 

c.  Underwater  Placement  Methods. 

Much  consideration  was  given  to  placement  of  the  stage  1  concrete,  the 
concrete  below  elevation  336,  by  underwater  methods.  This  method  would  not  require 
as  extensive  a  bulkhead  since  full  dewatering  would  not  be  required.  However,  the 
critical  need  for  bond  of  concrete  to  the  anchor  bars  and  to  the  existing  spillway  surface 
eliminated  this  method  from  consideration.  Placing  concrete  underwater  presents  a 
number  of  uncertainties  that  raise  the  level  of  risk  for  this  method  to  an  unacceptable 
level. 


d.  Superior  Quality  Too  Surface. 

Concrete  having  superior  quality  is  required  for  the  top  2  feet  of  the 
spillway  deflector.  Such  quality  is  necessary  to  provide  a  surface  that  will  withstand  the 
erosive  forces  of  high  velocity  flow.  Concrete  will  be  designed  to  produce 
approximately  750  psi  flexural  strength  at  28  days.  To  provide  toughness  performance, 
a  residual  strength  factor  (R  10,30)  will  be  specified  to  be  75.  This  factor  assures  that  the 
mixture  will  perform  after  initial  cracking  of  the  material.  A  silica  fume  admixture  and 
appropriate  water  reducing  admixtures  will  be  used  in  these  mixtures.  Each  spill  bay  is 
estimated  to  require  30  cubic  yards  of  this  mixture.  The  mixture  will  be  applied  after 
saw-cutting  and  excavating  the  radius  section,  installing  anchors  and  reinforcement, 
and  preparing  the  surface. 

The  contract  will  allow  two  methods  for  placement  of  this  superior  quality 
concrete.  One  method  is  to  install  screed  rails  having  the  radius  shape  of  the  top 
surface  at  appropriate  intervals.  Concrete  must  be  placed  from  the  bottom  up  using  the 
screed  rails  as  a  finishing  template  and  placing  the  concrete  against  temporary  holding 
forms.  This  method  has  been  used  many  times  to  form  similar  shapes. 

The  other  alternative  is  to  place  the  concrete  by  pneumatic  methods, 
shotcrete,  using  piano  wire  guides.  Wire  guides  are  installed  longitudinally  to  outline 
the  shape  of  the  surface.  Wet-mix  shotcrete  is  placed,  from  the  top  down,  covering  the 
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wires.  The  shotcrete  is  then  manually  trimmed  and  shaped  to  the  wire  outline.  This 
method  has  been  used  several  times  to  cast  spillway  caps  for  dams. 

e.  Contraction  Joints. 

Each  spillway  bay  at  Ice  Harbor  Dam  contains  a  contraction  joint  in  the 
center  of  the  bay.  The  deflectors  must  also  contain  a  joint  to  accommodate  annual 
volume  changes.  Since  concrete  placement  will  be  done  during  cold  weather,  later 
warming  may  create  serious  expansion  problems  such  as  shear  failure  of  the  concrete 
anchors.  Without  the  inclusion  of  expansion  joints,  the  deflector  will  crack  and  the 
surface  adjacent  to  the  crack  will  spall  creating  a  serious  erosion  problem.  Similarly, 
the  interface  between  the  spillway  pier  and  the  spillway  bay  results  in  a  re-entrant 
corner  that  will  crack.  Providing  a  joint  at  these  locations  is  necessary  to  prevent 
significant  erosion. 

The  major  problem  with  joints  is  that,  when  using  conventional  methods, 
three  separate  concrete  placements  are  necessary  to  construct  the  entire  deflector. 

The  specifications  will  allow  joints  to  be  installed  concurrently  with  the  placement  of 
concrete  so  that  the  number  of  placements  can  be  reduced  to  two.  Rigid  joint  materials 
can  be  placed  in  the  proper  location  and  concrete  placed  on  either  side.  This 
construction  process  has  been  used  in  other  projects.  An  alternate  method  is  to  sawcut 
the  joint  through  a  pre-placed  tube.  Polyvinyl  chloride  pipe  can  be  embedded  in  the 
deflector  concrete  to  provide  entry  points  for  the  wire  saw.  The  specifications  will 
provide  requirements  for  such  activity. 

7.06.  DIVING  OPERATIONS 

As  with  any  underwater  construction  operation,  a  major  consideration  is  the 
utilization  of  divers  and  support  staff  and  equipment  to  perform  underwater  construction 
tasks.  A  dive  team  can  consist  of  up  to  1 0  people  if  3  or  more  divers  are  required  in  the 
water  at  any  one  time.  The  Corps,  Engineer  Manual  385-1-1 ,  Safety  and  Health 
Requirements  Manual,  requires  surface  supplied  air  for  contract  diving  operations 
based  on  the  type  of  diving  operations  that  will  be  required.  Diving  operations  on  this 
job  will  require  surface  supplied  air  and  a  decompression  chamber. 
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SECTION  8.0  -  ENVIRONMENTAL  EFFECTS  AND  COMPLIANCE 


8.01.  ENVIRONMENTAL  EFFECTS 

Construction  of  the  spillway  deflectors  and  training  wall  extension(s)  would 
have  only  minor  environmental  effects.  Construction  would  have  minimal  impacts  on 
aquatic  resources  in  the  vicinity  of  the  dam.  No  important  fish  habitat  would  be 
disturbed  by  the  construction.  Fish  and  other  organisms  in  the  river  would  easily  avoid 
the  construction  activities.  Any  fish  trapped  in  the  work  area  would  be  released  back 
into  the  river.  There  is  the  possibility  that  high  river  flows  during  the  construction 
period  could  force  the  U.S.  Army  Corps  of  Engineers  (Corps)  to  spill  water  over  the 
construction  area  on  the  spillway.  Fish  caught  up  in  the  spill  may  strike  the  exposed 
anchors  and  bulkhead  support  structures  (if  the  bulkhead  with  “table”  method  is  being 
used)  and  be  injured. 

Construction  activities  would  not  impact  wildlife  use  at  the  dam.  Construction 
activities  would  take  place  when  birds  are  not  nesting.  Any  birds  in  the  area  would 
easily  be  able  to  avoid  the  work  activities. 

Operation  of  the  spillway  deflectors  is  expected  to  decrease  total  dissolved  gas 
(TDG)  when  up  to  60  thousand  cubic  feet  per  second  (kefs)  of  water  is  spilled,  which 
could  improve  fish  passage  efficiency  for  salmon  with  little  or  no  change  in  impacts  to 
other  aquatic  organisms.  At  spill  higher  than  60  kefs,  the  deflectors  would  be  less 
effective  at  reducing  TDG.  Dissolved  gas  levels  are  of  concern  because  gas 
supersaturation  can  lead  to  the  development  of  gas  bubble  "disease"  in  fish  and 
aquatic  organisms.  This  condition  can  produce  a  variety  of  signs  and  physiological 
changes  that  are  often  fatal.  Adult  salmon  are  more  susceptible  to  the  effects  of  TDG 
supersaturation  than  juveniles  due  to  their  more  developed  organs.  High  gas 
saturation  levels  may  also  cause  food  organisms  for  juvenile  salmon  to  involuntarily 
float  away  from  salmon  rearing  and  staging  areas. 

Spill  at  Ice  Harbor  Dam  causes  TDG  supersaturation  that  frequently  exceeds 
the  established  Washington  water  quality  standard  and  Federal  water  quality  criteria  of 
110  percent  of  barometric  pressure,  although,  in  recent  years,  the  Corps  has  been 
allowed  by  the  state  to  produce  TDG  up  to  120  percent  under  temporary  waiver  for 
endangered  species  considerations.  Total  dissolved  gas  as  high  as  138  percent  have 
been  recorded  immediately  below  the  dam  during  spills  greater  that  60  kefs.  Total 
dissolved  gas  concentrations  above  120  percent  are  considered  lethal  and  lead  to 
death  or  chronic  physiological  stress  in  juvenile  salmon  with  enough  exposure  time; 
therefore,  the  dam  is  supposed  to  be  operated  such  that  TDG  does  not  exceed 
120  percent.  However,  adult  salmon  are  negatively  affected  at  TDG  below  110  percent 
while  TDG  of  1 15  percent  can  be  lethal.  The  Corps  has  estimated  that  installing 
deflectors  at  Ice  Harbor  Dam  may  reduce  TDG  by  5  to  10  percent  at  the  current  spill 
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cap  level  of  25  kefs.  If  the  deflectors  are  able  to  reduce  TDG  closer  to  between 
110  and  115  percent,  adult  and  juvenile  salmon  survival  could  be  increased. 

Ice  Harbor  Dam  has  two  fish  ladders  to  provide  upstream  passage  for  adult 
salmon  migrating  upstream  to  spawn.  The  entrance  to  the  north  ladder  is  adjacent  to 
the  north  side  of  spill  bay  10  while  the  south  ladder  entrance  is  adjacent  to  the  south 
side  of  spill  bay  1.  Since  adult  salmon  are  attracted  to  strong  flows,  the  Corps  provides 
attraction  water  at  the  entrance  of  each  ladder  to  help  the  adults  find  the  ladders. 
Operation  of  the  spillway  deflectors  may  impact  adult  salmon  passage  conditions.  The 
water  moving  over  the  deflectors  may  pull  flows  from  the  powerhouse  over  toward  the 
stilling  basin,  creating  a  lateral  flow  across  the  downstream  face  of  the  dam.  This 
lateral  flow  could  produce  turbulence  that  may  confuse  adult  fish  and  discourage  them 
from  entering  the  fish  ladders.  However,  model  studies  indicate  operation  of  the 
deflectors  would  not  create  adult  fish  passage  conditions  worse  than  existing 
conditions.  Extending  the  training  wall  between  spill  bays  9  and  10  may  help  reduce 
the  turbulence  and  direct  adult  fish  to  the  fish  ladder. 

The  impact  of  the  spillway  deflectors  on  passage  conditions  for  juvenile  salmon 
going  through  the  spillway  is  unknown.  The  stilling  basin  at  Ice  Harbor  Dam  was 
designed  to  dissipate  energy  generated  by  water  flowing  over  the  spillway,  not  to 
provide  passage  for  juvenile  salmon  or  other  aquatic  organisms.  The  configuration  of 
the  stilling  basin  and  the  placement  of  the  concrete  baffles  were  designed  to  dissipate 
kinetic  energy  from  the  water  spilling  through  the  spillway  to  reduce  turbulence  and 
shoreline  erosion  downstream  of  the  dam.  Juvenile  fish  passing  through  the  spillway 
may  be  driven  against  the  concrete  baffles  as  the  water  loses  energy.  Passage 
conditions  may  improve  with  the  installation  of  the  deflectors.  The  deflectors  should 
produce  a  skimming  flow  along  the  surface  of  the  water.  This  skimming  flow  may  be 
sufficient  to  carry  the  juvenile  salmon  across  the  top  of  the  concrete  baffles  at  the 
downstream  edge  of  the  stilling  basin.  However,  the  flow  may  still  force  the  fish  into  the 
rolling  water  between  the  baffles  and  the  endsill  wall,  battering  the  fish  against  the 
concrete. 

8.02.  ENVIRONMENTAL  COMPLIANCE. 

a.  National  Environmental  Policy  Act. 

The  U.S.  Army  Corps  of  Engineers,  Walla  Walla  District  (CENPW)  has 
prepared  an  Environmental  Assessment  (EA)  for  this  project.  A  copy  of  the  EA  is  in 
appendix  D.  The  EA  is  being  distributed  for  public  and  agency  review.  Once  the 
review  period  is  complete,  CENPW  will  determine  if  a  Finding  of  No  Significant  Impact 
is  appropriate  or  if  an  Environmental  Impact  Statement  is  needed. 
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b.  Clean  Water  Act. 


Placement  of  temporary  bulkheads  and  construction  of  the  spillway 
deflectors  and  training  wall  extension  will  be  subject  to  the  requirements  of  the  Clean 
Water  Act.  Placement  of  temporary  bulkheads  is  covered  under  nationwide  permit 
number  33,  Temporary  Construction,  Access  and  Dewatering.  Construction  of  the 
deflectors  and  training  wall  extension  is  covered  under  nationwide  permit  number  25, 
Structural  Discharge,  as  the  concrete  and  grout  for  these  structures  will  be  placed  in 
tightly  sealed  cells.  The  Corps  will  not  need  to  prepare  a  Section  404(b)(1)  evaluation. 
Construction  of  the  training  wall  extension(s)  is  subject  to  section  10  requirements  but, 
because  the  training  wall  extension(s)  would  be  located  in  an  area  closed  to  boat 
traffic,  there  would  be  no  impacts  on  navigation.  The  contractor  will  be  required  to 
obtain  a  water  quality  standards  modification  from  Washington  Department  of  Ecology 
for  the  discharge  of  the  pulverized  concrete  from  the  anchor  drilling.  The  contractor  will 
be  required  to  obtain  a  Hydraulic  Project  Approval  from  the  Washington  Department  of 
Fish  and  Wildlife  prior  to  installing  the  deflectors  and  training  wall  extension(s). 

c.  Fish  and  Wildlife  Coordination  Act. 

Under  this  act.  Federal  agencies  proposing  water  resource  development 
projects  are  required  to  coordinate  with  the  U.S.  Fish  and  Wildlife  Service  (USFWS)  for 
evaluation  of  effects  the  project  may  have  on  fish  and  wildlife  resources.  The  Corps  has 
coordinated  with  the  USFWS  (telephone  conversation  on  1 3  December  1 995,  between 
Lonnie  Mettler  of  CENPW  and  Dan  Haley  of  USFWS)  and  discussed  the  deflector  project. 
The  Corps  and  USFWS  agreed  there  would  be  no  need  for  a  Coordination  Act  Report  or  a 
Planning  Aid  Letter  as  long  as  there  was  no  change  in  the  alternatives  as  described  in  this 
EA. 


d.  Endangered  Species  Act  fESAL 

(1)  Bald  Eagles  and  Peregrine  Falcon. 

Federal  agencies  are  required  to  consult  with  USFWS  for  actions  they 
intend  to  implement  that  may  jeopardize  the  existence  of  listed  species.  The  Corps  has 
identified  two  species,  the  wintering  bald  eagle  and  the  migrating  peregrine  falcon, 
which  may  utilize  the  habitat  in  the  project  area.  No  impacts  to  individuals  of  these 
listed  species  are  anticipated  by  the  construction  and  operation  of  the  spillway 
deflectors  and  training  wall  extension(s).  The  proposed  work  site  is  already  disturbed 
and  is  a  center  of  human  activities.  Any  eagles  or  falcons  in  the  vicinity  of  the  project 
would  be  passing  through  and  would  easily  avoid  the  construction  site.  The 
construction  and  operation  of  the  deflectors  would  not  adversely  affect  food  sources  for 
either  of  the  species.  Based  primarily  on  the  fact  that  wintering  bald  eagles  and 
migrating  peregrine  falcons  will  not  be  present  during  the  construction  window 
(August  -  March)  and  that  food  sources  or  habitats  of  these  two  species  will  not  be 
affected,  the  Corps  has  made  a  “No  Effect”  determination. 
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(2)  Endangered  Salmon  Stocks. 


Three  species  of  salmon  pass  over  Ice  Harbor  Dam:  Spring/summer 
Chinook,  fall  Chinook,  and  sockeye  salmon.  The  two  Chinook  species  are  listed  as 
threatened  species  under  Endangered  Species  Act  (ESA),  while  the  sockeye  salmon  is 
listed  as  .endangered.  Ice  Harbor  Dam  is  the  first  Snake  River  dam  encountered  by 
adult  salmon  migrating  upstream  to  spawn  and  the  last  dam  encountered  by 
outmigrating  juvenile  salmon  before  they  enter  the  Columbia  River.  The  Corps  has 
written  a  coordination  letter  to  National  Marine  Fisheries  Service  (NMFS)  stating  that 
the  construction  of  the  spillway  deflectors  is  not  likely  to  adversely  affect  these  listed 
species.  A  copy  of  this  letter  is  in  appendix  D.  The  Corps  proposes  installing  the 
spillway  deflectors  as  per  the  March  2, 1995,  National  Marine  Fisheries  Biological 
Opinion,  Reinitiation  of  Consultation  on  1994-1998  Operation  of  the  Federal  Columbia 
River  Power  System  and  Juvenile  Transportation  Program  in  1995  and  Future  Years, 
prepared  by  NMFS. 

e.  Cultural  Resources. 

Coordination  for  cultural  and  historical  properties  must  be  in  compliance  with 
Sections  106  and  110  of  the  National  Historic  Preservation  Act  (NHPA).  All  construction 
activities  for  the  spillway  deflectors  would  take  place  at  a  completed  Corps  project  in  an 
area  that  has  been  previously  disturbed.  Since  the  project  constitutes  a  modification  to  an 
existing  non-eligible  structure,  the  Corps  has  determined  there  would  be  “no  effect  to 
cultural  or  historical  properties”  and  has  forwarded  this  determination  to  the  Washington 
State  Historic  Preservation  Office  (SHPO).  The  SHPO  has  concurred  with  this 
determination.  Compliance  with  the  NHPA  is  complete. 
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SECTION  9.0  -  COSTS  AND  SCHEDULE 


The  estimated  construction  cost  of  installing  deflectors  on  the  center  8  spill  bays 
is  $6.8  million.  Appendix  E  contains  the  summary  of  the  estimated  construction  costs. 
Several  construction  dewatering  schemes  were  identified  by  a  value  engineering  study, 
which  could  save  up  to  $1 .8  million.  The  contract  documents  are  being  written  to  allow 
the  contractor  to  choose  and  design  their  own  dewatering  system.  The  contract  is 
scheduled  to  be  awarded  by  15  July  1996  with  a  completion  date  of  15  March  1997.  A 
construction  schedule  is  presented  in  figure  9-1 ,  on  the  following  page. 

The  estimated  cost  of  preparing  the  letter  supplement  addressing  improvements 
for  adult  fish  passage  (including  additional  model  testing)  is  $300,000.  The  letter 
supplement  is  scheduled  to  be  completed  by  the  fall  of  1996. 
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starting  Date  is  6/21/96  Ice  Harbor  8  Spillway  Deflectors  Summary  Schedule  Finish  Dale  is  3/10/97 


(Figure  9-1) 
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126  I  RETROFIT  FLOATING  BULKHEAD  4.84d  2/24/97  3/1/97 


SECTION  10.0  -  SUMMARY  AND  RECOMMENDATIONS 


Low,  current  and  projected  future  fish  estimates  for  Snake  River  listed  stocks 
emphasize  the  need  to  proceed  rapidly  with  any  measures  that  can  immediately 
improve  fish  passage  conditions  on  the  Snake  River.  Anticipated  operations  on  the 
Snake  River  will  likely  include  some  level  of  spill  to  reach  fish  passage  efficiency  (FPE) 
goals  at  U.S.  Army  Corps  of  Engineers  projects.  The  total  dissolved  gas  (TDG) 
problem  could  seriously  limit  the  ability  to  reach  these  goals.  During  spill  operations, 
Ice  Harbor  produces  the  highest  TDG  levels  in  the  system. 

Spillway  deflectors  will  provide  an  estimated  5-  to  10-percent  improvement  in 
TDG  levels  for  fish  spill  and  will  improve  the  likelihood  of  meeting  FPE  goals.  Model 
studies  have  indicated  that  deflector  installation  should  not  adversely  affect  existing 
adult  fish  passage  rates  at  Ice  Harbor  Dam.  In  addition,  improvements  to  the  deflector 
design,  such  as  the  15-foot-radius  transition  and  deflector  pier  blocks,  should  reduce 
the  risk  that  deflectors  will  increase  mechanical  injury  or  mortality  to  juvenile  fish  during 
spill.  This  may  reduce  concerns  raised  in  juvenile  fish  data  sets  suggesting  a 
measurable  (but  not  statistically  significant)  mortality  associated  with  deflector 
passage. 


Considerable  uncertainty  exists  with  other  larger-scale  TDG  improvement 
measures.  Significant  time  and  effort  will  be  necessary  to  determine  if  these  measures 
do  provide  a  significant  level  of  improvement  without  causing  other  adverse  conditions. 

Installation  of  deflectors  on  the  center  8  of  the  existing  10  spill  bays  at  ice 
Harbor  Dam  is  recommended  as  an  interim  solution  to  reduce  the  production  of  TDG. 
The  construction  cost  for  the  8  deflectors  has  been  estimated  at  $6.8  million.  Contract 
documents  for  installation  of  the  eight  deflectors  are  currently  being  prepared  with  an 
anticipated  contract  award  date  of  16  July  1996.  The  construction  period  will  extend 
from  August  1 996  through  March  1 997. 

Based  on  model  tests,  spillway  discharges  with  deflectors  will  create 
undesirable  eddy  currents  in  the  vicinity  of  adult  fishway  entrances;  however,  these  are 
judged  to  be  acceptable  for  the  short  term.  Results  from  the  1 :55  scale  Ice  Harbor 
Dam’s  general  model  indicates  that  the  addition  of  training  wall  extensions,  between 
spill  bays  1  and  2  and  spill  bays  9  and  10,  improve  hydraulic  conditions  for  adult  fish 
passage.  Additionally,  relocation  and  realignment  of  the  north  shore  fishway  entrance 
in  conjunction  with  the  training  wall  extension  may  provide  additional  benefits.  The 
design  of  the  training  wall  extensions  (length  and  height)  and  potential 
relocation/realignment  of  the  north  spillway  fishway  entrance  will  be  modeled  and 
addressed  in  a  letter  supplement  to  this  design  memorandum. 

Preliminary  model  investigations  at  Waterways  Experiment  Station  indicate 
that  installation  of  deflectors  at  Ice  Harbor  will  result  in  higher  cross  channel  velocities 
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and  greater  surface  turbulence  near  the  end  of  the  downstream  navigation  lock 
guidewall.  These  conditions  are  likely  to  make  it  difficult  for  barge  traffic  to  navigate 
into  and  out  of  the  lock.  Further  investigations  of  these  conditions  and  possible  ways  to 
reduce  adverse  effects  on  navigation  will  also  be  addressed  in  the  letter  supplement  to 
this  design  memorandum. 

The  anticipated  engineering  costs  (including  additional  model  testing)  for 
preparing  the  letter  supplement  is  estimated  at  $300,000.  The  design  and  construction 
for  the  additional  modifications  will  be  presented  in  the  letter  supplement.  The 
anticipated  schedule  for  the  letter  supplement,  procurement  and  supply,  contract 
advertisement/award,  and  construction  is  shown  below: 


ITEM _ 

Letter  Supplement 
Plans  and  Specifications 
Advertise  and  Award 
Construction 


START 

16  April  1996 
1  November  1996 
1  May  1997 
1  August  1 997 


END 

31  October  1 996 

30  April  1997 
16  July  1997 

31  March  1998 
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1 .  The  North  spillway  entrance,  North  powerhouse  entrance  and  the  South  powerhouse  entrance  were  each  set  to  discharge  700  cfs. 

2.  Tailwater  elevations  were  measured  2200  feet  downstream  of  the  spillway  crest. 
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FIGURES 


TAILWATER  ELEVATION 


Most  Likely  Maximum  Taiiwater  Elevation 
Most  Likely  Minimum  Taiiwater  Elevation 


NOTES: 

1 .  These  two  curves,  most  likely  maximum  and  minimum  taiiwater 
elevations,  were  developed  for  use  in  optimizing  the  elevation  of 
spillway  deflectors  for  the  center  spill  bays  at  Ice  Harbor  Dam. 
These  taiiwater  elevations  are  for  a  cross  section  located  approxi¬ 
mately  1 000  feet  downstream  from  the  powerhouse  and  were 
derived  from  HEC-2  backwater  curves  developed  for  the  Snake  and 
Columbia  Rivers  by  CENPW  Hydrology  Branch  (dated  April  1995). 

2.  A  McNary  Dam  forebay  elevation  of  340  fmsi  and  a  Columbia 
River  discharge  at  McNary  Dam  equal  to  3.5  times  the  Snake  River 
discharge  were  assumed  in  obtaining  the  most  likely  maximum 
taiiwater  elevation  curve. 

3.  A  McNary  Dam  forebay  elevation  of  337.5  fmsl  and  a  Columbia 
River  discharge  at  McNary  Dam  equal  to  2.0  times  the  Snake  River 
discharge  were  assumed  in  obtaining  the  most  likely  minimum 
taiiwater  elevation  curve.  (However,  it  should  be  noted  that  the 
full  operating  range  of  McNary's  forebay  is  from  335  to  340  fmsl. ) 
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1 .  Spillway  deflectors  are  located  at  elev¬ 
ation  338  fmsi. 

2.  The  tail  water  elevation  curves  for  the 
various  powerhouse  discharges  were 
derived  by  assuming  a  combined  dis¬ 
charge  of  5  kefs  through  the  two  end 
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center  eight  bays  (e.g.,  4  kefs/bay: 
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water  elevation  is  the  approximate 
average  for  the  total  river  discharge 
(spill  plus  powerhouse  discharges). 
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GEOMETRY  ANO  REWfORCEMCNT  SHORN  ARC  TYPICAL  TOR  BAYS  2 
THROUGH  9. 

THE  CXiSTMC  geometry  AND  FMAL  GEOMETRY  MAY  VARY  FROM  THE 
THEORETICAL  GEOMETRY  SHOWN  DUE  TO  AS  BULT  CEOICTRY.  THE 
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CENPW-PL-H  (1110-2-1150a) 


8  May  1995 


MEMORANDUM  THRU 


Chief,  Plannr^neg'TJi^jpision 
Chief,  Engineering  Dryis 
Chief,  Design  Branc 


FOR  Chief,  Hydraulic  Design  Section, 
ATTN:  Jim  Cain 


SUBJECT:  Ice  Harbor  Dam  Model  Studies:  Discharge  Rating  Curves 

at  Columbia  River  Mile  324.2  and  Snake  River  Miles  9.23  and  9.42 


1.  Discharge  rating  curves  and  tables  are  enclosed  for  the 
Columbia  River  at  the  Snake  River  confluence  and  at  two 
locations  on  the  Snake  River  below  Ice  Harbor  Dam.  The  charts 
and  tables  were  prepared  in  accordance  with  your  work  request 
dated  20  January  1995.  All  of  the  curves  were  computed  using 
the  Hydrologic  Engineering  Center's  computer  program,  "Water 
Surface  Profiles"  (HEC-2) ,  version  4.6.2. 

2.  Chart  1  displays  the  discharge  rating  curves  for  the 
Columbia  River  at  the  confluence  with  the  Snake  River  (Columbia 
River  mile  324.2)  .  These  curves  were  computed  using  a 
calibrated  HEC-2  model  of  McNary  Reservoir.  The  cross  section 
geometry  for  the  model  is  based  on  sedimentation  range  surveys 
completed  in  1986.  The  model  calibrations  were  performed  using 
measured  water  surface  profiles  at  flows  up  to  300,000  cubic 
feet  per  second  (cfs) .  The  computed  average  elevation  error  in 
that  range  of  flows  is  about  0.5  feet.  For  flows  up  to  the 
maximum  of  1,400,000  cfs  shown  on  the  graph,  the  average 
elevation  error  increases  to  about  0.8  feet. 

3 .  Charts  2  and  3  display  the  discharge  rating  curves  for  the 
Snake  River  mile  9.23  location.  Charts  4  and  5  are  similar 
curves  for  the  Snake  River  mile  9.42  location.  The  river  mile 
locations  are  about  2,000  feet  and  1,000  feet,  respectively, 
downstream  of  the  Ice  Harbor  Dam  powerhouse  tailrace  deck. 

4 .  The  curves  shown  on  Charts  2  through  5  were  computed  using  a 
calibrated  model  of  the  lower  Snake  River.  The  channel  geometry 
for  cross  sections  from  the  confluence  upstream  to  river  mile 
6.79  is  based  on  1978  sedimentation  range  surveys.  The  channel 
geometry  for  sections  from  river  mile  7.17  to  -9.16  is  taken  from 
sounding  maps  produced  from  1981  field  surveys.  The  portions  of 
the  channel  sections  in  the  navigation  channel  upstream  to  river 
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mile  9.16  were  checked  against  construction  templates  for  the 
1979  and  1985  navigation  channel  improvement  contracts.  The 
channel  sections  from  river  mile  9.23  upstream  to  Ice  Harbor  Dam 
were  taken  from  sounding  maps  produced  from  1994  field  surveys. 
All  Snake  River  overbank  sections  were  extended  using 
topographic  maps  with  10-foot  contours.  The  maps  were  produced 
from  1956  and  1957  aerial  photography.  The  HEC-2  model  of  the 
lower  Snake  River  was  then  calibrated  using  Ice  Harbor  Dam 
tailwater  data  for  flows  up  to  169,000  cfs.  The  computed 
average  elevation  error  of  the  discharge  rating  curves  in  that 
range  of  flows  is  about  0.3  feet.  For  higher  flows  up  to  the 
Spillway  Design  Flood  of  850,000  cfs,  the  computed  average 
elevation  error  increases  to  about  0 . 7  feet . 

5 .  Table  1  presents  the  discharge  and  elevation  values  used  to 
construct  the  rating  curves  for  Columbia  River  mile  324.2 
(Chart  1) .  Tables  2  and  3  present  the  equivalent  data  for  the 
rating  curves  at  Snake  River  miles  9.23  and  9.42,  respectively 
(Charts  2  through  5) . 

6.  If  you  have 
please  call  Mr. 


8  Ends 


CF  w/encls: 
CENPW-PL-H  (Ed  Kim) 


questions  concerning  the  curves  or  the  tables, 
Steve  Spaulding  at  ext.  7288. 

DAVID  L.  REESE 
Chief ,  Hydrology  Branch 
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1 .  Columbia  River  mile  324.2  is  located  at  the  confluence  of  the  Snake  and  Columbia  rivers  on  McNary  Reservoir  near  Pasco 
and  Kennewick,  Washington. 

2.  Water  surface  elevations  were  computed  using  the  Hydrologic  Engineering  Center's  computer  program  HEC-2  version  4.6.2. 
The  cross  sectional  data  for  the  HEC-2  model  was  obtained  from  sedimentation  range  surveys  conducted  in  1986. 
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MEMORANDUM  FOR  RECORD 

SUBJECT:  Physical  Model  Studies  in  the  Dissolved  Gas  Abatement  Studies 

1 .  General.  Physical  models  of  hydraulic  structures  are  valuable  tools  for  visualizing 
flow  patterns,  evaluating  hydraulic  performance,  and  estimating  hydraulic  conditions 
that  will  exist  in  a  full-scale  structure.  As  a  general  rule,  however,  direct  measurements 
of  gas  super-  saturation  for  scaling  from  model  to  full  scale  structure  are  not  possible. 
Two  of  the  main  processes  that  dictate  gas  transfer  performance  are  not  scaleable 
parameters  In  physical  hydraulic  models. 

2.  Even  a  relatively  large-scale  hydraulic  model  will  introduce  some  level  of  distortion 
for  gas  absorption  from  bubbles  or  through  the  water  surface.  Bubbles,  in  a  physical 
model,  are  very  large  compared  to  those  that  will  be  encountered  In  the  full  scale 
structure.  As  a  consequence,  the  buoyant  forces  on  the  bubbles  are  greatly 
exaggerated  compared  to  the  full  scale.  The  large  buoyant  force  allows  bubbles  to 
escape  the  flow  much  quicker  than  will  be  occurring  in  the  full  scale  structure.  The 
effects  of  this  distortion  show  up  when  tracking  the  extent  of  an  entrained  air  plume  In  a 
model.  The  model  plume  is  attenuated  In  length  and  in  depth.  This  translates  to  much 
longer  relative  contact  times  and  greater  gas  transfer  In  the  full  scale  structure  than  In 
the  physical  model.  Additionally,  since  the  bubbles  are  not  properly  scaled,  then  the 
surface  area  available  for  gas  transfer  is  likewise,  improperly  scaled. 

3.  When  aerated  plunging  flows  exist  (bubbles  being  transported  to  the  full  depth  of  the 
stilling  basin),  the  bubbles  experience  significant  increases  in  hydrostatic  pressure, 
which  causes  an  Increase  in  the  saturation  concentration  of  the  oxygen  and  nitrogen  in 
the  bubbles.  This  increase  In  saturation  is  the  process  that  allows  supersaturated 
conditions  to  develop.  In  a  physical  model,  the  large  depth  does  not  exist  to  create  the 
higher-than-atmospheric  pressure.  Thus,  supersaturated  conditions  cannot  be 
modeled  in  most  hydraulic  models. 

4.  The  value  of  hydraulic  models  in  gas  transfer  processes  lies  In  flow  visualization  and 
alternative  comparison.  A  clear  understanding  the  flow  conditions  that  contribute  to 
increased  gas  transfer  provides  a  basis  for  assessing  alternative  designs  in  a  physical 
model.  For  example,  the  hydrologic  and  geometric  conditions  that  produce  plunging 
flow  conditions  can  be  easily  determined.  Alternatives  that  avoid  these  conditions  or 
modify  flow  patterns  to  something  more  acceptable  can  be  Identified.  Measurable 
parameters  in  physical  models,  such  as  hydraulic  performance  or  velocity,  may 
contribute  to  understanding  gas  transfer,  but  usually  only  qualitative  conclusions  can  be 
drawn. 
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5.  This  line  of  reasoning  suggests  that  careful  observation  of  alternative  designs  can 
permit  qualitative  assessments  of  gas  transfer  performance.  One  design  can  be  ranked 
as  a  “better”  design  compared  to  another  based  on  avoidance  of  plunging  aerated  flow 
patterns  or  other  condition  conducive  to  dissolved  gas  absorption.  In  some  instances, 
where  observed  gas  transfer  data  exist,  quantitative  estimates  of  gas  transfer  may  be 
developed.  . 


6.  Sectional  Spillway  Model  Studies.  Presently,  at  the  U.S.  Army  Engineer  Waterways 
Experiment  Station,  four  spillway  structures  are  reproduced  in  sectional  models: 


Project 

Number  of  Spillways  in 
model 

Scale 

Lower  Granite 

1  plus  2  half-bays 

1:55 

Ice  Harbor 

3  plus  2  half-bays 

1:40 

John  Day 

3  plus  2  half-bays 

1:40 

The  Dalles 

5  plus  2  half-bays 

1:40 

7.  Experimental  work  in  the  Lower  Granite  model  is  much  further  along  than  In  The 
Dalles  model  study.  However,  the  objectives  of  testing  the  various  sectional  models  are 
similar  define  flow  patterns  that  contribute  to  or  reduce  opportunity  for  gas  absorption 
in  the  stilling  basin.  Various  stilling  basin  designs  or  modifications  or  operational 
alternatives  are  under  study.  Although  the  following  discussion  focuses  on  the  Ice 
Harbor  sectional  model,  the  approach  and  results  of  testing  should  be  applicable  to  any 
of  the  other  projects. 

8-  Ice  Harbor  Sectional  Model.  The  Ice  Harbor  sectional  model  has  been  used  to  study 
flow  condltioris  for  four  alternative  designs  or  stilling  basin  modifications,  listed  below. 
The  observations  from  the  model  tests  are  summarized  and  discussed  in  succeeding 
paragraphs. 

a.  Flow  patterns  in  the  existing  stilling  basin  were  examined  and  documented  on 
video  and  in  photographs. 

b.  A  series  of  alternative  deflectors  was  tested,  including  a  12.5-ft  long  deflector 
with  no  toe-radius  (only  a  small  fillet  at  the  spillway  face),  a  12.5-ft  long  deflector  with  a 
15-fl  toe  radius  (similar  to  the  Lower  Granite  design),  and  a  12.5-ft  long  flip-lip  (deflector 
with  an  upward  flip  at  its  downstream  end).  The  flow  patterns  were  documented  bn 
video  tape. 
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c.  A  small  4.2-ft  long  deflector  was  studied.  The  flow  patterns  established  by  this 
design  was  documented  on  video  tape. 

d.  A  raised  stilling  basin  is  currently  being  tested.  Performance  characteristics  are 
likewise  being  recorded  on  video. 

9.  Existing  Design.  Figure  1  shows  single  gate  operation  in  the  existing  stilling  basin 
for  a  spillbay  discharge  of  5,900  cfs.  The  obvious  plunging  flow  at  the  spillway  nappe 
causes  large  amounts  of  air  entrainment.  The  bubbles  are  transported  with  the  water  to 
the  full  depth  of  the  stilling  basin.  As  a  consequence,  they  are  subjected  to  very  high 
hydrostatic  pressures,  which  is  the  major  force  in  gas  absorption  to  supersaturated 
levels.  The  objective  of  alternative  designs  is  to  reduce  or  eliminate  the  plunging  flow 
and  transport  of  air  bubbles  to  depth. 

1 0.  Spillway  Deflectors.  Deflectors  were  initially  screened  by  assessing  their 
performance  characteristics  for  different  discharges  and  taiiwater  elevations.  The  initial 
deflector  (Type  1  Deflector,  shown  in  Figure  2)  had  been  developed  at  the  Bonneville 
Hydraulic  Laboratory.  It  was  12.5  ft  long  with  a  smalFradius  fillet  at  the  spillway  face. 
The  flow  conditions  created  by  the  deflector  in  the  stilling  basin  were  extremely 
turbulent.  The  nappe  of  water  on  the  spillway  collided  with  the  deflector  causing  large 
highly-aerated  waves  to  form  in  the  stilling  basin.  Air  bubbles  were  easily  transported  to 
depth  because  of  the  plunging  nature  of  flow  induced  by  the  waves.  It  appeared  that 
improvements  to  the  deflector  could  improve  the  flow  conditions  and  reduce  the 
penchant  for  transporting  bubbles  to  deep  water. 

1 1.  An  alternative  design  (Type  1  Flip-lip  shown  In  Figure  3)  was  developed  that 
consisted  of  a  1 2.5  ft  long  deflector  with  1 5-ft  toe  radius  at  the  spillway  and  a  1  -ft  high 
flip-lip  at  the  downstream  end  of  the  deflector.  We  expected  the  toe  radius  to  reduce 
the  effects  of  nappe  impact  on  the  deflector  by  actually  redirecting  the  flow  like  an 
elbow.  The  flip-iip  was  expected  to  deflect  the  water  upward  and  reduce  the  downward 
velocities  of  the  nappe  and  thereby  reduce  plunging  action.  The  toe  radius  performed 
very  well,  smoothly  deflecting  the  nappe.  However,  the  flip-lip  served  only  to  "launch” 
the  flow  at  normal  taiiwater  elevations.  The  airborne  aerated  nappe  plunged  into  the 
stilling  basin  at  the  baffle  blocks,  entraining  air  and  producing  flow  patterns  as  bad  or 
worse  than  the  Type  1  Deflector. 

12.  The  Type  2  Deflector  design  (Figure  4)  was  similar  to  the  deflector  installed  at 
Lower  Granite:  12.5  ft  long  with  a  15-ft  toe  radius  at  the  spillway  which  acted  as  a  fillet 
to  smooth  the  nappe  transition  between  the  spillway  and  the  deflector.  Tests  conducted 
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with  this  design  showed  significant  improvements  for  flows  of  up  to  5,900  cfs  per  bay 
compared  to  the  other  designs.  Testing  with  flows  of  2,500  cfs  per  bay  and  5,900  cfs 
per  bay  showed  that  with  very  low  tailwater,  the  underside  of  the  nappe  would  be 
aerated  and  the  flow  would  plunge  to  the  stilling  basin  floor.  This  condition  entrained 
large  volumes  of  air  and  transported  air  bubbles  to  depth  in  the  stilling  basin  and 
tailrace  area.  As  the  tailwater  elevation  was  increased,  the  venting  of  the  nappe  was 
inconsistent  and  produced  an  unstable  condition  with  periods  of  the  flow  alternately 
plunging  to  the  stilling  basin  floor  or  attempting  to  ride  the  surface  of  the  tailwater. 
When  the  tailwater  elevation  was  sufficient  to  prevent  aeration  at  the  downstream  edge 
of  the  deflector,  the  flow  jet  remained  along  the  surface  of  the  tailwater  and  produced 
the  desired  "skimming"  flow  conditions.  The  skimming  condition  was  observed  with 
submer-gences  of  2-8  ft  for  a  spillbay  discharge  of  2,500  cfs  and  submergences  of  8-1 1 
ft  for  spillbay  discharges  of  5,900  cfs.  With  higher  submergences,  the  nappe  would  ride 
up  on  the  down-stream  water  surface  forming  an  undulatory  jump  and  causing  large 
standing  waves  and  plunging  flows  in  the  vicinity  of  the  baffle  blocks.  With  extremely 
high  tailwater  (higher  than  would  be  encountered  at  these  discharges),  the  nappe  would 
filially  submerge  resulting  in  a  submerged  hydraulic  jump  that  is  elevated  off  of  the 
stilling  basin  floor  by  the  deflector.  Tests  were  also  conducted  for  flows  of  8,000, 
10,000, 12,100,  and  17,500  cfs  per  bay.  With  low  tailwaters,  plunging  flow  conditions 
existed.  As  the  tailwater  was  raised,’ the  unstable  flow  condition  formed  as  previously 
described.  However,  as  the  tailwater  was  raised  further,  the  skimming  flow  condition 
did  not  form  and  the  nappe  rode  up  on  the  downstream  water  surface  causing  standing 
waves  and  plunging  flows,  thus  no  satisfactory  flow  conditions  were  observecTforthe 
higher  discharges. 

1 3.  Deflector  Flow  Analysis.  An  analysis  of  deflector  flow  suggests  that  their 
performance  characteristics  can  be  defined  as  a  function  of  deflector  submergence  and 
spillway  discharge.  Figure  5  shows  the  performance  curves  for  the  Type  2  Deflector  as 
a  function  of  submergence  and  spillbay  discharge.  These  curves  provide  a  basis  for 
siting  the  deflector  elevation  for  best  performance  and  for  determining  if  the  operational 
range  of  acceptable  performance  is  sufficient.  For  example,  at  Ice  Harbor,  skimming 
flow  will  occur  with  a  submergence  of  2-8  ft  for  the  Type  2  Deflector  with  spillbay 
discharge  of  2,500  cfs.  For  a  normal  tailwater  elevation  of  approximately  345  ft,  the 
deflector  would  have  to  be  located  at  el  343  and  would  provide  skimming  flow  for  a 
tailwater  range  of  345  ft  to  353  ft.  Alternately,  for  a  submergence  of  8  ft  with  tailwater  at 
el  345,  spillbay  discharge  could  range  from  2,500  cfs  per  bay  to  5,900  cfs  per  bay  and 
still  result  in  skimming  flow. 

14.  Dimensionally-Challenged  (small)  Deflector.  A  much-smaller  deflector  (Figure  6) 
was  also  Investigated  to  determine  Its  operating  characteristics.  A  narrower  band  of 
satisfactory  flow  conditions  was  observed  compared  to  the  Type  2  Deflector.  With  a 
spillbay  discharge  of  2,500  cfs,  the  skimming  flow  condition  existed  for  submergences 
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nl  7I  ft  A  produced  skimming  flows  for  submergences 

of  7-8  tt.  As  with  the  Type  2  Deflector,  no  satisfactory  flow  conditions  were  observed 
for  spillbay  discharges  greater  than  5,900  cfs.  During  higher  discharges,  the  flow 
plunged  at  low  submergences.  As  the  tailwater  elevation  was  raised,  the  flow 
conditions  changed  from  an  unstable  nappe  to  the  conditions  where  the  nappe  would 
nde  up  on  the  tailwater  surface  creating  an  undulatory  surface  with  multiple  standino 
waves  and  plunging  flows  in  the  vicinity  of  the  baffle  blocks  and  end  sill.  With  higher 
t^^ater  elevations,  the  nappe  overrode  the  deflector  and  plunged  to  the  stilling  basin 

shallow  stilling  basin  is  under  design  and  testing  In  the  Ice 
Harbor  Sectional  Model  (Figure  7).  The  shallow  basin  reduces  the  occurrence  of 
plunging  flows  because  a  strong  hydraulic  jump  occurs  at  smaller  discharges  and  the 
shal^^ow  depth  (<20  ft  at  normal  tailwater),  reduces  the  effects  of  hydrostatic  pressure  on 
-entrained  flow.  The  sectional  model  will  be  used  to  determine  the  operational  limits 
of  the  raised  stilling  basin,  including  its  maximum  discharge  with  acceptable  In-basin 
energy  dissipation,  tailrace  erosion  with  over-design  flows,  etc. 

The  results  of  deflector  studies  in  the  Ice  Harbor 
application  to  John  Day  and  other  projects.  The  deflector  design  and 
performance  crtena  based  on  deflector  submergence  will  be  used  to  design  and  locate 
ftS  spillway.  Flow  patterns  observed  In  the  mode? help  explain 

wi«  on  the  raised  stilling  basin 

17.  Summaw  and  Recommendation.^.  Sectional  models  of  four  Snake  and  Columbia 
River  projerts  are  available  at  WES  for  experimentation  related  to  dissolved  gas 

viinSiTstinl  «nrf  ^  Physical  model  for  assessing  dissolved  gas  Issues  lies  In  flow 
^  companson.  Plunging  flow  patterns  Indicate  opportunity  for  air 
entrainment  and  gas  absorption.  Highly-turbulent  surface  flows  with  standing  waves  will 
likely  result  in  surface  aeration  with  plunging  flows  from  which  significant  levels  of 

®bso*®cl.  Design  or  operational  modifications  that  avoid 
these  type  of  flow  conditions  should  result  In  lower  levels  of  total  dissolved  gas. 

18.  The  sectional  model  of  Ice  Harbor  was  used  to  examine  the  flow  patterns  with  the 
existing  stilling  basin  and  with  several  different  deflectors.  A  12.5-ft-long  deflector  with 
a  15-ft  toe  radius  (similar  to  the  Lower  Granite  deflector)  was  selected  for  detailed 

P®rf°rmance  characteristics  were  related  to  deflector  submergence  and 
spillbay  discharge.  Skimming  flow”  in  the  stilling  basin  and  tailrace  was  achieved  for  a 
narrow  range  of  subrnergerice.  Undulant  “rolling”  surface  waves  and  with  associated 
p  unging  flow  resulted  for  dischaipe  above  6,000  cfs  per  bay;  skimming  flow  could  not 
be  established.  For  conditions  outside  of  the  “skimming  flow”  envelope,  the  flow  was 
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either  undulant  with  rolling  surface  waves  and  plunging  flows  (high  tallwater  and  deeo 
submergence)  or  plunged  into  the  stilling  basin  at  the  baffle  blocte  (low  tallwater  and^ 

skimming  flow  will  likely  cause  elevated 

unde!  the  wave  actfon®''^“®®  vertical  circulation  cells 

19  An  elevated  stilling  basin,  similar  to  The  Dalles  stilling  basin,  Is  being  tested  for  its 
th^e  shallow  depth  and  relative  short  length 

iSba  “  ^^®  "maximum  flood, 

enirav  rii^fir!  ^  '  ^®^®'T>^'”®  operational  limit  for  adequate 

energy  dissipation  and  the  potential  for  tailrace  erosion  during  higher  discharges. 

SI, ‘jy®?"'”’®  'o;  resolution  regarding  the  tesr  alternative,  i.e.,  deflectors  or 
aised  Selling  basin,  are:  Does  a  deflector  give  a  sufficient  operating  range  for  the 
expected  discharge  and  tallwater  elevation?  Is  the  expected  operating  rangrrnuch 

the^fthP  “skimming”  flow  conditions?  If  the  anticipated  range  is  narrow, 

.,1®  *^®  dff*®ctor  IS  the  attractive  alternative.  If  the  range  is  larger,  then  the  elevated 
stilling  basin  should  be  the  stronger  candidate.  elevated 


Steven  C.  Wilhelms 
Engineer 

Locks,  Reservoirs,  and  Fisheries 
Hydrodynamics  Branch 


Figure  1 .  Ice  Harbor  Spillway  Flow  Patterns,  Discharge  =  5,700  kcfs/bay, 
Tailwater  El  =  344  ft 
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SUBJECT:  Data  Report  Ice  Harbor  Section  Study 


1.  The  purpose  of  this  letter  is  to  transmit  data  obtained  from  the 
subject  model  with  and  without  various  size  and  shape  flow  deflectors 
placed  on  the  spillway.  Enclosures  1-9  are  photographs  of  flow 
conditions  with  no  deflector  on  the  spillway.  Pertinent  information  is 
provided  on  the  back  of  each  photograph.  These  photographs  show  a 
plunging  flow  jet  which  generally  conforms  to  the  spillway  shape  and 
transports  air  bubbles  to  the  full  depth  of  the  stilling  basin.  While 
this  is  an  effective  means  of  dissipating  energy  in  the  basin,  the  air 
bubbles  are  subjected  to  very  high  hydrostatic  pressures  at  prototype 
depth,  which  is  the  major  cause  of  gas  absorption  to  supersaturated 
levels.  The  purpose  of  flow  deflectors  is  to  reduce  or  eliminate  the 
plunging  flow  and  transport  of  air  bubbles  to  depth. 

2.  The  type  1  flow  deflector  is  shown  in  end  10.  It  was  12.5  ft  long 
and  similar  to  the  deflector  developed  at  the  Bonneville  Hydraulics 
Laboratory.  The  results  of  experiments  with  the  type  1  deflector  showed 
the  spillway  flow  jet  sprayed  off  the  deflector  causing  large  highly- 
aerated  waves  to  form  in  the  basin  during  most  flow  conditions.  -The 
associated  turbulence  from  these  waves  transported  air  bubbles  to  depth 
because  of  the  plunging  nature  of  the  flow  induced  by  the  waves . 

3.  As  a  result  of  the  hydraulic  performance  of  the  type  1  flow  deflect¬ 
or,  the  type  1  flip-lip  was  developed  (end  11),  consisted  of  a  12.5-ft- 
long  deflector  with  a  15-ft  toe  radius  at  the  spillway  and  a  1-ft  high 
lip  at  the  downstream  end  of  the  deflector.  The  toe  radius  reduced  the 
effects  of  nappe  impact  on  the  deflector,  however,  the  flip  lip  launched 
the  flow  at  normal  tailwater  elevations  and  the  aerated  nappe  plunged 
into  the  stilling  basin  in  the  vicinity  of  the  baffle  blocks  entraining 
air  and  producing  undesirable  flow  conditions. 

4.  The  type  2  flow  deflector  (end  12)  was  similar  to  the  deflector 
installed  at  Lower  Granite  Dam:  12.5  ft  long  with  a  15-ft  toe  radius  at 
the  spillway  which  acted  as  a  fillet  to  smooth  the  nappe  transition 
between  the  spillway  and  the  deflector.  Experiments  conducted  with  this 
design  showed  significant  improvement  for  flows  of  up  to  5,900  cfs  per 
bay  compared  to  the  other  designs.  Experimenting  with  flows  of  2,500, 
4,200,  and  5,900  cfs  per  bay  showed  that  at  very  low  tailwater  eleva¬ 
tions,  the  underside  of  the  nappe  would  be  aerated  and  the  flow  would 
plunge  to  the  stilling  basin  floor  (end  13) .  This  condition  entrained 
large  volumes  of  air  and  transported  air  bubbles  to  depth  in  the  still¬ 
ing  basin  and  tailrace  area.  As  the  tailwater  elevation  was  increased, 
the  venting  of  the  nappe  was  inconsistent  and  produced  an  unstable 
condition  with  periods  of  the  flow  alternately  plunging  to  the  stilling 
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basin  floor  or  attempting  to  ride  the  surface  of  the  tailwater  (end  14). 
When  the  tailwater  elevation  was  sufficient  to  prevent  aeration  at  the 
downstream  edge  of  the  deflector,  the  flow  jet  remained  along  the  surface 
of  the  tailwater  and  produced  the  desired  "skimming"  flow  conditions  (end 
15) .  With  higher  submergences,  the  nappe  would  ride  up  on  the  downstream 
water  surface  forming  an  unjular  jump  resulting  in  large  standing  waves 
and  plunging  flows  in  the  vicinity  of  the  baffle  blocks  (end  16).  With 
high  tailwater  elevations,  a  hydraulic  roller  would  form  at  the  deflector 
(end  17),  and  with  extremely  high  tailwater,  the  nappe  submerges 
resulting  in  a  submerged  hydraulic  jump  that  was  elevated  off  the  stilling 
basin  floor  by  the  deflector. 

5.  Initial  experiments  were  conducted  with  the  type  2  deflector  located 
at  el  335  (minimum  tailwater) .  An  analysis  of  operating  conditions  at 
Ice  Harbor  Dam  indicated  that  a  deflector  located  at  el  338  would  better 
optimize  the  range  of  normal  tailwaters  for  the  skimming  flow  condition. 
Thus,  experiments  were  conducted  with  the  deflector  installed  on  the 
model  spillway  at  el  338.  Photographs  of  flow  conditions  with  the 
deflector  located  at  el  338  are  shown  in  end  18—26.  These  photographs 
can  be  compared  to  ends  1-9,  which  show  the  same  flow  conditions 
without  the  deflector  on  the  spillway.  Enclosures  27  and  28  are  plots 
of  flow  conditions  with  the  type  2  deflector  located  at  el  335  and  338, 
respectively.  These  plots  define  deflector  performance  as  a  function  of 
submergence  and  spillbay  discharge.  Submergence  is  defined  as  the 

^®^®ritial  between  tailwater  and  deflector  elevation.  A  comparison  of 
the  plots  shows  that  with  the  deflector  located  at  el  338,  a  larger 
range  of  skimming  flow  conditions  exists  than  with  the  deflector  located 
at  el  335,  including  a  narrow  band  of  flows  at  8,000  cfs  per  bay. 

6.  Experiments  were  also  conducted  to  determine  flow  conditions  with  a 
smaller  deflector  (type  3,  end  29) .  A  narrower  band  of  satisfactory 
flow  conditions  was  observed  than  with  the  type  2  deflector  located  at 
either  el  335  or  338.  With  a  spillbay  discharge  of  2,500  cfs,  the  skim¬ 
ming  flow  condition  existed  for  submergences  ranging  from  1-4  ft.  .  A 
spillbay  discharge  of  5,900  cfs  produced  skimming  flows  for  submer¬ 
gences  of  seven  to  eight  ft.  As  with  the  type  2  deflector  located  at  el 
335,  no  satisfactory  flow  conditions  were  observed  for  spillbay 
discharges  greater  than  5,900  cfs.  During  higher  discharges,  the  flow 
plunged  at  low  submergences.  As  the  tailwater  elevation  increased,  flow 
conditions  changed  from  an  unstable  nappe  to  an  undular  jump  with 
standing  waves  and  plunging  flows  in  the  vicinity  of  the  baffle  blocks 
and  end  sill.  With  higher  tailwater  elevations,  the  nappe  overrode  the 
deflector  and  plunged  to  the  stilling  basin  floor. 
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6.  If  there  are  any  questions  or  comments  please  contact 
Mr.  John  George  (601)  634-3344. 


FOR  THE  DIRECTOR,  HYDRAULICS  LABORATORY: 


29  Ends  ffl^JOHN  F.  GEORGE 

Acting  Chief 

Hydraulic  Structures  Division 


ENCLOSURES  ARE  NOT  INCLUDED. 


APPENDIX  C 


Excerpt  from  Appendix  A  -  Section  1  of  Ice  Harbor 
Spillway  Deflectors,  Letter  Report,  (October  1994,  preliminary) 


1  ^2-  EFTOCTIVENESS  OF  DEFLECTORS  IN  REDTTCTNG  DISSOLVED  GAS 
SUPERSATURATTON 

Lower  Monumental  Dam's  spillway  is  very  sunilar  to  the  Ice  Harbor  spillway,  and  there  is 
dissolved  gas  data  both  before  and  ttfter  spillway  deflectors  were  added  at  Lower  Monumental. 

A  close  evaluation  of  data  collected  fi'om  1969  to  1971  below  Lower  Monumental  Dam  was 
completed.  Data  fi'om  this  period  was  selected  for  comparison  purposes  if  the  sample  site  was 
judged  to  be  representative  of  the  current  data  collection  site  and  also  had  a  forebay  dissolved  gas 
level  measurement  taken  as  well.  These  data  points  were  compared  to  data  collected  in  1992  and 
1993.  Data  fi'om  1992  and  1993  were  selected  for  comparison  with  the  pre-deflector  period  if  the 
spill  level  and  forebay  dissolved  gas  level  were  found  to  be  similar.  Comparison  of  this  data,  as 
described  below,  is  being  used  in  this  report  to  estimate  what  the  effectiveness  of  spillway 
deflectors  would  be  if  constructed  at  Ice  Harbor  Dam.  This  estimate  is  further  supported  by  data 
collected  by  the  Lower  Monumental  tailwaters  monitoring  station  during  May  of  1994.  This 
station  is  on  the  south  shore  and  detects  TDG  pressures  in  the  water  that  has  passed  through 
spillbay  1,  or  spillbay  2  when  spillbay  1  is  closed.  With  spillbay  1  open  two  stops  (a  stop  is  a 
gate-setting  increment),  TDG  levels  of  125  percent  were  recorded.  When  the  spill  pattern  was 
altered  (to  reduce  TDG  supersaturation)  to  zero  stops  on  bay  1  and  two  stops  on  bay  2,  the 
resulting  TDG  levels  recorded  were  approximately  1 1 6  percent  of  saturation;  a  reduction  of  9 
percent. 

Several  tests  have  attempted  to  determine  the  efficacy  of  the  spill  deflectors  at  Lower 
Monumental  Dam.  Ebel  et  al  (1973)  reported  a  20  percent  reduction  of  nitrogen  supersaturation 
in  the  tailrace  based  on  levels  determined  fi'om  a  prototype  deflector  equipped  bay  (with  dentates) 
and  a  standard  non-deflector  bay.  In  Park  et  al.  (1976)  samples  were  taken  in  the  stilling  basin 
below  Lower  Monumental  Dam  at  each  of  spillways.  They  also  postulated  that  TDG 
supersaffiration  would  have  been  10  to  20  percent  higher  at  Lower  Granite  Dam  had  there  not 
been  spill  deflectors  installed  before  operation. 

a.  Methods. 

We  experienced  several  problems  selecting  possible  approaches  fi3r  evaluating  the 
efficacy  of  spill  deflectors  for  this  paper.  First,  we  need  to  address  concerns  we  had  regarding 
the  accuracy  of  the  data  because  of  the  differing  measurement  methodologies  used  20  years  ago 
and  the  dependence  of  them  on  the  expertise  of  the  instrument  operators.  After  comparing  their 
results  with  saturometer  studies  (Fickeisen  etal.  1975),  investigating  the  Van  Slyke  and  gas 
chromatography  methods,  and  comparing  several  like  data  points,  we  determined  the  data  was 
accurate  enough  for  purposes  of  this  report.  Another  problem  was  that  we  needed  pre-  and  post¬ 
deflector  installation  dissolved  gas  measurements  during  comparable  project  operations.  The 
primary  problem  in  comparing  before  and  after  data  was  that  the  older  data  was  expressed  as 
dissolved  nitrogen  in  ml/L  and  dissolved  oxygen  in  mg/L.  Tailwater  dissolved  gas  data  fi'om 
measurements  made  between  1969  and  1972  were  dovwiloaded  fi'om  the  Portland  Office 
CROHMS  database.  These  data  were  collected  using  either  the  Van  Slyke  or  gas  chromotaraphy 
methodology,  which  measures  nitrogen  gas  volume  instead  of  pressure.  Therefore,  it  was 
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necessary  for  us  to  convert  the  data  into  TDG  values  using  the  mathematical  relationship 
presented  below. 


TGP  = 


tit  N-y 

(0. 53 1 8) + (0. 6078)  +  Vp 
BCO  BCN^ 

BP 


*100 


Where; 

TGP  is  the  total  gas  pressure 

02  is  the  concentration  of  dissolved  oxygen  in  mg/1  by  Winkler  titration 

N2  is  the  concentration  of  dissolved  N2  in  ml/1  by  the  Van  Slyke  or  GC 

method  and  converted  to  mg/L 

Vp  is  vapor  pressure  from  the  program  with  barometric  pressure  and 
temperature  as  variables 

BCO  is  the  Bunsen  coeficient  for  oxygen 

BCN  is  the  Bunsen  coefficient  for  nitrogen 

BP  is  the  barometric  pressure 

Common  Sensing  Tensionometers  were  used  to  collect  the  more  recent  dissolved  gas 
data  from  the  Snake  River  projects.  These  instruments  detect  TDG  pressure  and  barometric 
pressure  to  yield  percent  of  TDG  saturation  as  a  measurement.  Data  used  in  this  study  were 
collected  from  the  telemetry  station  in  the  forebay  at  Lower  Monumental  (Station  1018)  and 
automated  data  logging  station  1  mile  downstream  on  the  left  bank.  The  data  from  the  forebay 
station  is  transmitted  via  GOES  satellite  to  the  CROHMS  data  base  in  Portland.  We  downloaded 
these  discharge  data  from  the  CROHMS  data  base  directly.  Data  from  the  deployed  "non¬ 
reporting"  logging  stations  (Ice  Harbor  and  Lower  Monumental  tailwaters)  were  available  in- 
house. 


Data  points  from  the  1969  through  1972  pre-deflector  data  were  compared  to  like 
1992  and  1993  post-deflector  data  points.  Data  was  sorted  by  its  site  and  by  the  percentage  of 
supersaturation  found  in  the  forebay.  Included  were  the  spill  discharge  and  the  calculated 
difference  between  the  forebay  and  tailrace.  We  then  selected  a  data  point  from  one  of  the  test 
groups  or  CROHMS  set  was  reflected.  The  like  data  point  from  another  sensor  station  or  data 
grouping  must  have  been  within  the  same  day  and  operations  hour  to  be  included  in  the  data  set 
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Although  there  was  a  large  number  of  data  points,  data  points  with  forebay  TDG,  spill  discharge, 
and  tailrace  parameters  were  only  about  10  percent  to  15  percent  of  the  entire  data  set.  Data 
analop  to  the  1969  to  1971  set  were  selected  from  the  1992  and  the  1993  data.  The  following 
criterion  was  used  to  select  data  points: 

•  Step  1 .  Select  the  sites  in  the  data  that  best  represents  our  current  sampling 

regime. 

•  Step  2.  1969- 1972  data  sets  with  forebay  and  tailrace  data  were  compared 
directly  to  analogs  from  1992  or  1993  if  the  percentage  of  forebay  supersaturation  was  within  1.5 
percent  and  the  spill  discharge  was  within  5  kefs  in  analogs  when  spill  was  below  75  kefs.  When 
spill  was  greater  than  75  kefs  available  data  points  with  similar  spill  discharge,  forebay  TDG 
saturation,  and  tailwater  TDG  levels  were  used. 

•  Step  3.  Each  1969  through  1971  data  point  had  multiple  analogs.  The  mean  of 
the  differences  between  the  forebay  and  the  tailwater  TDG  saturation  (TDG  production)  was 
compared  with  the  1969  through  1971  data  point.  This  comparison  yielded  a  difference  that 
represents  the  improvement  (reduction)  in  the  TDG  supersaturation  production  provided  by 
installation  of  spill  deflectors. 

^  Results  of  the  1969  to  1971  Pre-Deflector  Data  Compared  to  the  1992  and  19Q3 
Post-Deflector  Data 

The  results  from  the  1969  through  1971  analog  comparisons  are  expressed  in  table  1- 
2.  This  comparison  resulted  in  a  mean  of  9.4-percent  decrease  in  TDG  production  after  spill 
deflectors  were  installed  at  Lower  Monumental  Dam.  The  decrease  of  TDG  production  ranged 
from  0.6  percent  to  14.9  percent  between  2.9  kefs  and  60  kefs  with  a  mean  of  7.7  percent.  The 
decrease  of  gas  production  ranged  from  8.5  percent  to  13.5  percent  between  61  kefs  and  100 
kefs  with  a  mean  of  1 1.0  percent.  The  decrease  of  gas  production  ranged  2.7  percent  to  13.2 
percent  with  a  mean  of  9.0  percent  at  100  kefs  and  above  range.  The  reduction  in  the  TDG 
production  from  this  data  comparison  is  shovm  in  Figure  1-4  below.  The  conclusion  drawn  from 
this  data  comparison  was  that  the  spillway  deflectors  at  Lower  Monumental  Dam  reduced  TDG 
production  by  9.4  saturation  percentage  points. 
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Table  1-2.  The  1969-1971  Data  Sets  Compared  to  the  1992-1993  Analogs  with  Average  Total 
Dissolved  Gas  Supersaturation  at  Lower  Monumental  Dam. 


Sorebay  percent 
Sat 

P  Taihvater 

percent 

perasnl 

Diir 

69/6/5 

81.1 

114.8 

137.9 

23.1 

93/6/4 

84.8 

115.28 

124.92 

9.64 

Average 

9.64 

13.5 

69/6/17 

20.1 

105.5 

128.9 

23.4 

93/6/12 

24.2 

105.54 

113.9 

8.36 

93/6/10 

24.3 

105.54 

114.25 

8.7 

92/6/19 

22.81 

105.39 

119.52 

14.13 

92/6/3 

20.71 

105.61 

125.19 

19.59 

92/5/31 

19.41 

105.87 

116.85 

10.97 

92~9S  Average 

12.35 

11.1 

69/7/1 

44.2 

107.1 

140.9 

33.8 

93/5/5 

37.4 

108.3 

124.9 

16.6 

93  Average 

16.6 

17.2 

69/7/15 

14.1 

115.9 

121.8 

5.9 

93/5/7 

16.9 

115.86 

117.1 

1.23 

92/5/28 

14.2 

115.93 

113.27 

-2.65 

93/5/9 

12.7 

116.07 

115.4 

-0.67 

93/6/14 

10.7 

116.09 

117.53 

1.44 

93/5/31 

16.7 

116.15 

112.43 

-3.71 

93/5/13 

10.5 

116.18 

118.31 

2.13 

93/5/31 

14.2 

116.48 

113.7 

-2.76 

93  Average 

-0.71 

6.6 

70/4/21 

12.6 

123.3 

130.5 

■KS 

93/5/26 

10.6 

122.62 

119.72 

93  Average 

-2.9 

10.1 

70/5/19 

111.1 

137.7 

134.2 

HEI 

93/5/19 

112.4 

139.9 

133.4 

1^1 

93/5/19 

95.3 

139.5 

133.5 

-5.9 

■iHlI 

mMmw 

2.7 
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Table  1-2.  (continued) 


f  Q”  Spill 


70/6/23 


93/5/20 


71/1/26 


93/5/27 


93/5/28 


93/5/27 


93/5/28 


71/2/22 


93/5/6 


93/5/6 


93/5/10 


71/4/6 


93/5/25 


93/5/19 


93/5/25 


71/4/20 


93/5/25 


93/5/18 


71/5/4 


93/5/21 


93/5/9 


71/7/13 


93/6/9 


93/6/9 


93/5/5 


92/6/24 


138.4 


138.33 


117 


117 


117 


117.15 


117.24 


120 


120.19 


120.45 


120.95 


131.8 


131.55 


131.68 


130.1 


131.461 


131.81 


109.7 


109.6 


109.21 


110.21 


109.7 


Tailwater 

percentSat 


136.9 


128.31 


93  Average 


128.8 


116.7 


111.54 


116.43 


111.49 


93  Average\ 


124.5 


117.7 


118.4 


115.641 


132.4 


125.04 


124.97 


125.2 


131 


125.39 


129.77 


93  Average] 


137.9 


126.39 


126.13 


percent 
percent  Reduction 
DHf 


-1.5 


-10.01 


-10.01 


11.8 


-0.27 


-5.54 


-0.72 


-5.75 


-3.07 


71/5/18 

110.7 

128.1 

136 

93/5/17 

121.4 

128.32 

124.4 

71/6/1 

139.3 

133.8 

135.1 

93/5/19 

122.4 

131.81 

126.13 

116.1 


110.04 


111.08 


110.79 


111.19 


92-93 Average] 
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c.  Discussion. 

(1)  Discussion  of  the  Results. 

Our  results  suggest  that  in  the  low  to  medium  discharge,  spill  deflectors  retard 
TDG  production.  All  available  data  fi'om  1967  through  1975  was  evaluated  The  data  fi'om  1972 
to  present  contains  data  that  is  not  completely  without-  spill-  deflector  data.  The  data  points  in 
table  1-2  were  the  points  where  there  was  a  complete  set  of  data.  Since  this  was  the  only 
complete  pre-deflector  data  set,  we  considered  the  information  in  table  1-2  to  best  approximate 
the  non  deflector  dam. 

We  did  not  consider  the  1972  data  representative  for  several  reasons.  We  were 
unable  to  obtain  spill  records,  stop  settings,  and  general  operational  information  to  determine 
discharge.  Since  there  was  a  spill  deflector  in  place  at  Lower  Monumental  Dam  in  1972,  without 
the  operations  data  we  are  unable  to  determine  what  effect  the  spill  deflectors  had  on  the  total 
supersaturation  in  the  forebay.  The  1972  spill  deflector  test  data  did  not  show  the  benefits  of 
multiple  deflectors.  Additionally,  the  1972  test  data  did  not  reflect  the  benefits  based  on  a  wide 
range  of  spill  discharge,  forebay  saturation,  and  did  not  take  into  account  the  full  powerhouse 
capacity. 


The  result  of  this  study  suggests  that  the  spill  deflectors  may  provide  an  average 
of  8  percent  to  10  percent  reduction  in  TDG  supersaturation  production  over  a  range  of  spUl 
between  0  and  140  kefs  at  Lower  Monumental  Dam  (Figure  2).  The  1992  and  1993  data  had 
operations  records  that  suggest  spill  deflectors  are  most  effective  in  reducing  TDG 
supersaturation  when  the  spill  is  spread  over  the  entire  array  of  spill  gates.  Even  with  spill 
deflectors  in  place,  a  decrease  of  10  percent  subtracted  fi’om  the  130-percent  forebay  TDG 
(common  during  high  spill  years),  supersaturation  is  still  above  the  EPA  criterion  and  the 
Washington  State  water  quality  standard  of  1 10  percent. 

The  comparison  of  forebay  to  tailrace  TDG  data  in  recent  years  (with  deflectors) 
shows  a  consistent  reduction  in  TDG  supersaturation  over  the  spillway  at  Lower  Monumental 
when  forebay  TDG  levels  are  elevated.  This  may  suggest  that  Lower  Monumental  Dam's  spillway 
may  be  a  "treatment  center"  for  TDG  supersaturation.  This  could  occur  if  the  contact  with  the 
atmosphere  realized  as  the  water  passes  over  the  spillway  allows  rapid  dissipation  of  TDG 
supersaturation,  and  the  TDG  pressure  that  was  measured  in  the  forebay  is  not  reproduced  in  the 
stilling  basin.  Current  research  in  this  area  is  insufficient  and  further  work  must  be  done. 
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Figure  1-4.  TDG  production  decrease  as  calculated  using  data  from  table  1-2,  where 
the  benefit  of  spill  deflectors  expressed  as  percent  TDG  Reduction  is 
plotted  against  spill  discharge  (kefs)  at  Lower  Monumental  Dam. 

(2)  Review  of  Previous  Efficacy  Studies. 

We  analyzed  the  best  data  we  could  obtain  to  revisit  the  previous  efficacy  tests. 
The  1972  "Project  Flip-lip"  test  (Ebel  etal,  1973)  resulted  in  a  13.7  percent  reduction  of  TDG 
production  with  a  dentated  deflector  compared  to  a  standard  bay  at  Lower  Monumental  Dam. 
This  test  corroborated  our  findings.  When  we  reevaluated  the  1975  data  (Park  et  al  1976)  we 
were  unable  to  determine  what  had  been  evaluated  based  on  the  data  available.  In  their  discussion 
they  stated  samples  were  taken  from  25  to  27  March  1975  during  5  separate  tests.  During  the 
tests,  six  deflector  bays  spilled  4.6,  9.7,  14.9,  and  20  kefs  per  bay  (tests  2  to  5).  During  the  test 
temperature  remained  at  6°  Celsius  and  forebay  supersaturation  averaged  about  108.7  percent, 
while  the  tailrace  supersaturation  ranged  from  1 12.3  to  123.7  percent  Nj  (not  TDG).  These 
results  indicated  that  there  was  less  benefit  than  anticipated  from  the  1973  data.  After  reviewing 
several  other  data  sets  and  converting  the  old  data  into  TDG  values,  we  believe  that  sample  size 
was  too  small  to  be  conclusive  and  there  was  error  in  the  test  design 

An  extensive  N2  analysis  was  made  of  McNary  Dam  (Park  et  al,  1977).  At 
McNary  Dam,  18  of  the  22  spillways  were  installed  with  deflectors.  Tests  designed  to  evaluate 
the  effects  of  the  18  spill  deflectors  investigated  a  wide  range  of  spill  patterns.  These  included;  1) 
single  vs.  multiple  bay  discharges;  2)  light,  moderate,  and  heavy  spill  discharges;  3)  uniform  vs. 
non-uniform  gate  discharges;  and  4)  low  and  high  N2  in  the  forebay.  They  reported  a  10  percent 
to  16  percent  reduction  (N2  not  TDG)  benefit  from  the  deflectors.  They  reported  that  a  249-kcfs 
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spiU  resulted  m  a  128-percent  N2  taUrace  supersaturation  with  deflectors  in  place,  compared  with 
co^only  occurring  140  percent  at  discharges  around  250  kefs  prior  to  the  installation  of 
deflectors^  This  compares  well  with  our  estimate  of  probable  benefits  of  spillway  flow  deflectors 
at  Ice  Harbor  Dam  and  with  what  was  found  at  Lower  Monumental  Dam. 

^  Conclusion-Estimation  of  Spill  Deflector  TDG  Benefit  at  Ice  Harbor  Dam 

Predirting  TDG  benefit  at  Ice  Harbor  is  diflScult  based  on  Lower  Monumental  data. 
The  Ice  Harbor  stilling  basin,  although  generally  similar,  is  different  fi-om  Lower  Monumental. 
The  len^h  of  the  Ice  Harbor  stilling  basin  is  1 68  feet  compared  to  Lower  Monumental's  180  foot 
stilling  basin.  The  real  question  is;  How  effective  will  deflectors  be  if  constructed  at  Ice  Harbor*? 
To  extrapolate  the  effectiveness  of  the  spillway  deflectors  at  Lower  Monumental  to  Ice  Harbor, 
the  spillway  stilling  basin  depth  parameter  was  used  since  the  second  largest  influence  on  the  level 
of  TOG  production  is  probably  the  depth  of  plunge  that  the  entrained  air  experiences.  In  general 
a  reduction  in  the  stilling  basin  depth  will  reduce  to  some  degree  the  potential  for  entrained  air  to' 
go  into  solution.  The  tailwater  elevation  at  Ice  Harbor  Dam  is  largely  dependent  on  the  river 
discharp.  Thus  the  stilling  basin's  depth  is  also  dependent  on  the  river  discharge.  Ice  Harbor's 
stilhng  basin  depth  compared  to  Lower  Monumental's  for  the  same  river  discharge  is 
approximately  70  to  90  percent  of  the  stilling  basin  depth  at  Lower  Monumental,  depending  on 
the  selected  nver  discharge.  Therefore  it  has  been  estimated  that  the  effectiveness  of  spillway 
e  ertors  at  Ice  Harbor  would  be  70  to  100  percent  of  the  mean  9.4  percent  saturation  reduction 
experienced  at  Lower  Monumental.  This  leads  to  estimated  TDG  supersaturation  reduction 
potential  of  approximately  7  to  10  percent  saturation.  The  potential  should  be  further  modified 
based  on  the  number  of  bays  retrofitted  with  deflectors.  If  deflectors  were  only  constructed  on 
the  center  six  bays,  then  only  60  percent  of  the  spill  discharge  would  be  afferted  (depending  on 
spill  pattern)  as  compared  with  80  percent  of  spill  passing  over  deflector  fitted  bays  at  Lower 
Monument^.  Consequently,  a  reduction  potential  of  at  least  5  percent  and  as  great  as  TO  percent 
IS  likely  to  be  achieved  when  spill  discharge  is  within  the  spiUway  deflector's  skimming  flow 
discharge  range  designed  for  Ice  Harbor  Dam. 
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APPENDIX  D 


Correspondence 


DEPARTMENT  OF  THE  ARMY 
WALLA  WALLA  DISTRICT,  CORPS  OF  ENGINEERS 
201  NORTH  THIRD  AVENUE 
WALLA  WALLA,  WASHINGTON  99362-1876 

June  12, 1996 


Planning  Division 


Dear  Interested  Party: 

Enclosed  for  your  information  are  the  signed  Finding  of  No  Significant  impact 
(FONSI)  and  comment  letters  response  package  for  the  proposed  Ice  Harbor  Dam 
Spillway  Deflectors  project  on  the  Snake  River  in  Franklin  and  Walla  Walla  Counties, 
Washington.  The  signing  of  the  FONSI  completes  the  environmental  review  process  for 
this  project  under  the  National  Environmental  Policy  Act  (NEPA).  The  comment  letters 
package  includes  the  three  letters  the  Corps  received  on  this  project  and  the  Corps’ 
responses  to  the  comments  in  the  letters. 

Should  you  have  any  questions  or  need  additional  copies  of  the  FONSI  or  the 
comment  responses,  please  contact  Ms.  Sandy  Simmons  at  509-527-7265. 


Sincerely, 


Carl  J.  Christianson 

Chief,  Environmental  Resources  Branch 


Enclosures 


FINDING  OF  NO  SIGNIFICANT  IMPACT 
ICE  HARBOR  DAM  SPILLWAY  DEFLECTORS 
FRANKLIN  AND  WALLA  WALLA  COUNTIES,  WASHINGTON 


The  Corps  of  Engineers  proposes  to  modify  the  spillway  of  Ice  Harbor  Dam  by 
constructing  deflectors  on  up  to  ten  of  the  spillbays  and  extending  one  or  both  training 
walls.  The  dam  is  located  on  the  lower  Snake  River  at  River  Mile  9.5,  near  Pasco, 
Washington.  The  purpose  of  the  deflectors  is  to  reduce  the  amount  of  dissolved  gas 
produced  as  river  flows  are  passed  through  the  dam  spillway.  High  concentrations  of 
total  dissolved  gas  (TDG)  can  injure  or  kill  juvenile  and  adult  salmon,  as  well  as  resident 
fish  and  other  aquatic  organisms.  The  need  for  TDG  abatement  is  of  immediate 
concern  to  the  region  because  of  declining  salmon  populations  and  the  listing  of  three 
Snake  River  salmon  stocks  (spring/summer  Chinook,  fall  Chinook,  and  sockeye)  as 
either  threatened  or  endangered  under  the  Endangered  Species  Act.  In  their  March 
1995  Biological  Opinion  on  Operation  of  the  Federal  Columbia  River  Power  System, 
under  Reasonable  and  Prudent  Measures  Intermediate  Term  Action  No.  18,  the 
National  Marine  Fisheries  Service  requested  that  spillway  modifications  for  gas 
abatement  at  Ice  Harbor  Dam  be  completed  as  soon  as  possible,  contingent  on  the 
results  of  TDG  abatement  evaluations  in  1995  and  1996.  The  Corps  proposes  to 
construct  eight  deflectors  in  1996/1997  and  the  remaining  two  deflectors  and  the 
training  wall  extension(s)  in  1997/1998  to  comply  with  NMFS’  request. 

The  Corps  evaluated  several  other  alternative  methods  of  reducing  TDG.  These 
included  modifying  the  stilling  basin,  raising  the  tailrace,  making  operational  changes  in 
the  spill  pattern,  and  eliminating  voluntary  spill  of  water  for  fish  passage.  These 
alternatives  were  removed  from  further  consideration  because  they  are  still  being 
investigated  as  part  of  the  on-going  gas  abatement  studies  and  may  take  between  4 
and  10  years  to  implement.  The  Corps  identified  only  one  alternative,  spillway 
deflectors,  that  would  provide  meaningful  reduction  in  TDG  and  could  be  implemented 
in  time  for  the  1997  outmigration.  Therefore,  constructing  and  operating  the  spillway 
deflectors  is  the  Corps’  selected  action.  ' 

Construction  and  operation  effects  of  the  proposed  spillway  deflector  project  are 
addressed  in  the  project  environmental  assessment.  Effects  of  the  facilities  are  largely 
focused  on  impacts  to  the  aquatic  environment.  Construction  of  the  spillway  deflectors 
would  have  minimal  impacts  on  aquatic  resources  in  the  vicinity  of  the  dam.  No 
important  fish  habitat  would  be  disturbed  by  the  construction  and  fish  and  other 
organisms  in  the  river  would  easily  avoid  the  construction  activities.  The  starting  date 
for  the  in-water  construction  has  been  pushed  back  from  August  1,  1996  to 
September  1,  1996  to  allow  for  spill  for  juvenile  fall  Chinook  passage  during  August. 
Operation  of  the  spillway  deflectors  is  expected  to  decrease  TDG  when  water  is  being 
spilled,  which  would  improve  in-water  conditions  for  salmon  as  well  as  other  aquatic 


organisms.  The  Corps  has  estimated  that  installing  deflectors  of  at  Ice  Harbor  Dam 
could  possibly  reduce  dissolved  gas  supersaturation  by  up  to  5-  to  10-percent  for  spills 
flows  up  to  60,000  cubic  feet  per  second  (cfs). 

This  project  has  been  coordinated  with  the  U.S.  Fish  and  Wildlife  Service,  National 
Marine  Fisheries  Service,  Washington  Department  of  Fish  and  Wildlife,  other  concerned 
state  and  Federal  agencies,  tribes,  and  the  public.  The  project  is  in  compliance  with  all 
applicable  laws  and  regulations.  In  view  of  the  information  provided  by  these  sources, 
the  environmental  assessment,  and  comment  letters,  I  find  that  the  proposed  action 
would  not  result  in  significant  impacts  and  that  an  environmental  impact  statement  is 
not  required. 


DATE: 


js  S.  Weller 

tenant  Colonel,  Corps  of  Engineers 
District  Engineer 
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The  EA  also  fails  to  document  that  the  proposed  construction  period  far  exceeds  the 
established  in-water  work  window  of  December  through  February.  There  is  no  rationale 
presented  for  the  decision  to  recommend  work  outside  this  established  period. 
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DEPARTMENT  OF  THE  ARMY 
WALLA  WALLA  DISTRICT,  CORPS  OF  ENGINEERS 
201  NORTH  THIRD  AVENUE 
WALLA  WALLA,  WASHINGTON  99362-1876 

June  11, 1996 


Planning  Division 


Jacqueline  Wyland,  Division  Chief 
National  Marine  Fisheries  Service 
Environmental  and  Technical  Services  Division 
525  N.E.  Oregon  Street,  Suite  500 
Portland,  Oregon  97232 

Dear  Ms.  Wyland: 

This  letter  responds  to  your  May  24, 1996,  coordination  letter  commenting  on  our 
proposed  construction  of  flow  deflectors  at  Ice  Harbor  Dam.  Pursuant  to  the 
Reasonable  and  Prudent  Alternative  Intermediate  Term  Action  No.  18  of  the  March  2, 
1995,  Biological  Opinion  on  Operation  of  the  Federal  Columbia  River  Power  System 
(BiOp),  we  recognize  the  BiOp  requests  spillway  modifications  for  gas  abatement  at  Ice 
Harbor  Dam  be  completed  “as  soon  as  possible."  Our  interpretation  of  this  request  was 
to  advance  flow  deflector  design  and  construction  to  permit  completion  prior  to  the  1997 
spring/summer  Chinook  salmon  outmigration. 

Based  upon  coordination  input  from  National  Marine  Fisheries  Service  (NMFS) 
staff,  we  changed  the  in-water  activity  start  date  from  August  1 , 1996  to 
September  1, 1996,  in  our  Invitation  For  Bid/Solicitation  For  Construction  (IFB/SFC)  to 
construct  deflectors  In  8  of  the  10  spillbays  at  Ice  Harbor  Dam.  The  proposed  closure 
of  the  spillway  will  occur  from  September  1, 1996  through  March  15, 1997.  The 
IFB/SFC  with  the  revised  date  went  out  for  bid  on  May  17, 1996.  An  Amendment  to  this 
IFB/SFC  went  out  for  bid  May  31 , 1996,  with  the  following  additions: 

a.  A  requirement  that  the  contractor  construct  pier  nose  extensions  prior  to  any 
activity  related  to  deflector  construction.  The  contractor  retains  the  option  to  develop 
and  select  the  dewatering  and  forming  scheme.  Our  requirement  allows  for  the 
contractor  to  develop  a  single-bay  dewatering  scheme  that  should  reduce  the  risk  of 
additional  harm  to  juvenile  migrants  in  the  event  that  an  hydrologic  event  would  force 
spill  during  construction. 
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b.  A  request  that  the  contractor  work  7  days  per  week  and  24  hours  per  day  in 
an  attempt  to  increase  the  probability  of  completing  eight  deflectors  prior  to  the  1997 
juvenile  outmigration. 

c.  Deflector  construction  in  spillbays  two  and  nine  are  optional  bid  items 
determined  by  us.  We  have  the  right  to  exercise  its  option  for  construction  in  these 
bays  based  upon  monitored  contractor  progress  and  hydrologic  projections  for  flow  and 
operating  conditions. 

d.  Completion  of  deflectors  in  bays  four,  five,  six,  and  seven  by 
December  15, 1996.  Completion  of  deflectors  In  bays  three  and  eight  by 

January  20, 1997.  Completion  of  deflectors  in  bays  two  and  nine  by  March  1, 1997,  if 
we  choose  to  exercise  its  option.  The  contractor  then  would  have  about  two  weeks  of 
clean-up  and  demobilization  to  meet  the  scheduled  completion  date  of 
March  15,  1997. 

e.  Additional  language  where  we  suggest  the  contractor  should  consider  using 
more  than  one  bulkhead  system  and  drilling  platform  In  an  attempt  to  increase  the 
probability  of  completing  the  proposed  construction  of  eight  deflectors  by  the  scheduled 
completion  date  of  March  15, 1997. 

National  Marine  Fisheries  Service  should  be  aware  that  the  revised  IFB/SFC  and  its 
Amendment  reflect  that  there  is  no  guarantee  on  the  part  of  our  selected  contractor  to 
complete  eight  deflectors  by  March  15, 1997,  although  we  will  actively  pursue  an 
aggressive  contractor  to  achieve  a  fully  completed  project  by  the  original  target  date. 
We  reiterate  our  biologically-related  concerns  about  interim  or  long-term  spill  operations 
with  a  spillway  configuration  of  less  than  eight  deflectors  versus  the  full  eight  deflector 
configuration.  The  concerns  are  based  on  the  following  considerations  derived  from 
physical  model  studies  and  field  testing  for  total  dissolved  gas  (TDG)  supersaturation: 

a.  Operation  of  nondeflector  bays  adjacent  to  deflector  bays  have  high  influence 
on  the  TDG  production  dynamics  and  hydraulic  conditions  In  the  tailrace.  Preliminary 
results  from  the  Ice  Harbor  and  John  Day  Dam  general  models  for  partial  spillway 
installation  of  deflectors  are  discouraging  for  the  development  of  suitable  hydraulic 
conditions  in  the  tailrace.  Consistent  with  field  testing  data  collected  by  the  Watenways 
Experiment  Station  (WES),  the  creation  of  strongly  unstable  submerged  lateral  flow 
across  the  channel  was  observed  in  the  hydraulic  models.  Submerged  lateral  flows 
transport  aerated  water  that  is  supersaturated  with  gas  due  to  plunging  through 
nondeflectored  bays.  We  expect  no  measurable  change  in  gassing  or 
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degassing  dynamics  of  this  volume  of  water  would  occur  with  spill  operations  through  a 
spillway  with  less  than  eight  deflectors.  If  less  than  eight  deflectors  can  be  constructed 
in  the  September-March  work  window,  the  Technical  Management  Team  or  any  other 
regional  management  body  could  not  expect  an  interim  spill  cap  during  1997  that  would 
be  greater  then  the  25  Kefs  that  Is  presently  used  to  control  tailrace  TDG  to  the  120 
percent  concentration  allowed  by  the  State’s  temporary  water  quality  waivers. 

b.  Development  of  a  suitable  adult  spill  passage  pattern  will  be  required  for  Ice 
Harbor  in  the  event  fewer  than  eight  deflectors  are  installed.  The  Ice  Harbor  1:55  scale 
physical  model  demonstrated  that  adult  ladder  attraction  conditions  would  be  worse 
with  six  deflectors  resulting  in  difficulty  in  developing  a  suitable  interim  pattern  due  to  a 
relatively  large  amount  of  atmospheric  air  introduced  to  be  plunged  to  hydrostatic 
pressure  with  depth.  The  chosen  pattern  would  be  implemented  during  the  interim  spill 
period  of  April  15  through  September  1, 1997  (assuming  construction  of  the  remaining 
deflectors  will  begin  September  1,1997).  Physical  model  studies  performed  during 
March  and  April  of  1996,  in  preparation  of  the  Feature  Design  Memorandum  (FDM) 

No.  34,  indicated  additional  deflectors  may  be  installed  in  spill  bays  1  and  10  without 
negatively  impacting  adult  fish  passage  conditions.  The  installation  of  these  deflectors 
may  require  training  wall  extensions  between  spillbays  9  and  10  and  possibly  between 
spillbays  one  and  two.  Preliminary  model  studies  indicate  a  training  wall  extension 
between  bays  9  and  10  may  provide  better  than  existing  adult  passage  conditions 
downstream  of  the  north  spillway  entrance  either  with  or  without  a  deflector  in  bay  1 0. 
Because  of  the  accelerated  schedule,  it  was  not  possible  to  address  these  Items  in  the 
FDM.  However,  these  modifications  are  currently  being  modeled  and  will  be  addressed 
in  a  supplemental  letter  to  the  FDM.  If  approved,  construction  of  these  additional 
modifications  would  require  an  extended  in-water  work  window  during  September  1997 
through  March  1998.  If  the  installation  of  all  eight  deflectors  are  not  completed  during 
the  1996-97  in  water  work  window,  the  remaining  deflectors  would  be  installed  during 
September,  1 997  through  March,  1 998.  This  would  likely  impact  the  construction 
schedule  for  the  proposed  additional  modifications,  potentially  resulting  in  lower  annual 
smolt  survival  then  expected  and  adult  delay  that  could  otherwise  be  avoided. 

c.  For  future  reference  pertaining  to  analytical  evaluations,  single  unit 
powerhouse  minimum  at  Ice  Harbor  is  1 1  Kefs  per  turbine  under  free-spin,  no-load 
operation  or  15-17  Kefs  under  minimum  load  operation.  This  powerhouse  operational 
constraint  does  not  allow  us  to  spill  25  Kefs  and  operate  a  turbine  unit  when  total  river 
flow  is  less  than  40  Kefs.  Adjusting  the  analysis  in  enclosure  one  of  your  letter,  this 
powerhouse  operational  constraint  lowers  the  WITH-SPILL  SURVIVAL  percentage 
estimates. 
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d.  The  biological  evaluation  in  the  FDM  No.  34  (page  4-6)  indicates  no 
measurable  net  benefit  to  interim  or  long-term  systemwide  salmon  survival  with 
installation  of  flow  deflectors  at  Ice  Harbor  Dam.  The  estimated  increase  in  spill  cap 
volume  from  25  Kefs  to  45  Kefs  may  increase  the  short-lived  probability  to  exceed  the 
80  percent  FPE  target  in  the  BiOp  for  a  higher  total  river  flow  range  while  maintaining 
the  120  percent  TDG.  The  incrementally  small  two  to  three  percent  projected  survival 
due  to  this  marginal  increase  in  FPE  could  likely  be  canceled  out  by  the  moderate 
likelihood  of  a  two  to  five  percent  increase  in  direct  spill  mortality  (Johnsen  and  Dawley, 
1974;  Muir  et  al.,  1995;  Long  et  al.,  1975).  In  addition  to  the  direct  spill  mortality 
concern,  possible  delay  of  smolts  may  occur  resulting  In  increased  exposure  to  TDG 
supersaturation  due  to  recirculation  patterns  created  by  the  vertical  rolling  hydraulic 
conditions  under  higher  spill  discharges  (i.e.,  the  increase  in  reach  travel  time  indicated 
in  the  NMFS  PIT-tag  analysis  for  1995). 

e.  In  the  event  of  forced  spill  above  the  expected  hydraulic  capacity  of  the 
powerhouse  (76  Kefs  with  one  turbine  unit  inoperable),  all  construction  activity  in  the 
spillway  must  be  terminated  and  abandoned  until  safe  conditions  resume.  Turbine  unit 
five  is  currently  inoperable  at  Ice  Harbor  Dam  and  is  scheduled  to  be  inoperable 
through  October  1996.  A  forced  spill  event  would  result  in  an  unknown  amount  of  delay 
in  construction  completion  for  any  number  of  deflectors  prior  to  the  March  15,1997, 
target  date. 

Effects 

Juvenile 

Biological  Opinion  on  Operation  of  the  Federal  Columbia  River  Power  System 
operations  for  juvenile  passage  beyond  September  1,1996,  do  not  require  voluntary 
spill  at  Ice  Harbor  Dam.  Closure  of  the  spillway  from  August  31, 1996,  through 
March  15,  1997,  would  be  consistent  with  fish  passage  operations  guided  by  the  BiOp. 

Adults 

Adult  Snake  River  fall  Chinook  salmon  are  likely  to  be  minimally  affected  by  the 
proposed  in-water  construction  activities,  although  spill  generally  detracts  from  adult 
passage  conditions.  There  is  potential  for  some  minor  near-field  delay  in  ladder 
approach  and  entrance  during  low  river  flows,  but  the  implementation  is  scheduled 
beginning  with  the  center  bays  and  working  outward  toward  the  ladder  entrances  to 
minimize  potential  effects  of  construction  activity  disturbance  through  noise  or  other 
emissions. 
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A  consequence  of  partial  deflector  construction  would  be  uncertainty  associated 
with  mechanical  and  TDG-related  effects  to  adult  migrants  of  all  salmonid  stocks  while 
operating  for  an  entire  fish  passage  season  relative  to  passage  delay.  Resultant 
hydraulic  conditions  would  not  be  optimal  according  to  more  recent  knowledge  gained 
from  1993-1995  dam  operations  with  voluntary  spill  and  physical  model  studies. 
Voluntary  spill  patterns  for  adult  and  juvenile  salmon  passage  during  the  1997 
outmigration  would  be  highly  weighted  toward  the  use  of  deflector  spillbays. 

Summary 

This  letter  is  provided  as  a  response  to  consultation  with  the  NMFS  for  the 
proposed  action  of  constructing  flow  deflectors  in  the  centered  spillbays  at  Ice  Harbor 
Dam.  We  believe  the  closure  of  the  Ice  Harbor  spillway  from  September  1 , 1996 
through  March  15, 1996,  would  be  consistent  with  BiOp  RPA  measure  4  that  requires 
the  spill  operation  for  achieving  the  FPE  target  and  not  jeopardize  the  continued 
existence  of  listed  Snake  River  salmon  stocks  or  adversely  modify  their  critical  habitat 
beyond  those  assumed  impacts  and  risks  considered  by  NMFS  in  their  BiOp  for  1994- 
1998  Operation  of  the  Federal  Columbia  River  Power  System  and  Juvenile 
Transportation  Program  in  1995  and  Future  Years. 

If  you  have  questions  or  require  additional  information,  please  contact  me  or 
Mr.  Chris  Pinney,  Walla  Walla  District,  Fishery  Biologist,  at  509-527-7284.  Mr.  Jim 
Athearn,  at  503-326-2835,  remains  the  North  Pacific  Division's  ESA  coordinator. 

Sincerely, 


les  S.  Weller 

tenant  Colonel,  Corps  of  Engineers 
District  Engineer 
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Copy  Furnished: 

Chris  Toole 

National  Marine  Fisheries  Service 
Endangered  and  Threatened  Species  Division 
Hydrology  Branch 
525  N.E.  Oregon,  Suite  500 
Portland,  Oregon  97232 

Mark  Schneider 
Chief,  Operations  Branch 
National  Marine  Fisheries  Service 
525  N.E.  Oregon,  Suite  500 
Portland,  Oregon  97232 


Rtpiy  To 
Attention  Of: 


Planning  Division 


DEPARTMENT  OF  THE  ARMY 
WALLA  WALLA  DISTRICT,  CORPS  OF  ENGINEERS 
201  NORTH  THIRD  AVENUE 
WALLA  WALLA,  WASHINGTON  99362-1876 

April  16, 1996 


Dear  Interested  Party: 

Enclosed  for  your  review  and  comment  are  the  Environmental  Assessment  (EA) 
and  draft  Finding  of  No  Significant  Impact  (FONSI)  for  the  proposed  Ice  Harbor  Dam 
Spillway  Deflectors  project.  These  documents  describe  the  impacts  associated  with 
installing  spillway  deflectors  on  Ice  Harbor  Dam  on  the  lower  Snake  River  near  Pasco, 
Washington. 

We  invite  interested  parties  to  provide  comments  on  the  proposed  project.  Please 
provide  your  comments  to: 

Department  of  the  Army 
Walla  Walla  District,  Corps  of  Engineers 
ATTN:  Chief,  Environmental  Resources  Branch 
201  N.  3rd  Ave. 

Walla  Walla,  WA  99362-1876 

Comments  should  be  postmarked  no  later  than  May  16, 1996  to  ensure 
consideration. 

Should  you  need  additional  information  or  have  any  questions,  please  contact 
Ms.  Sandy  Simmons  at  509-527-7265. 


Sincerely, 


LtJ 


^nie  E.  Mettler 
Acting  Chief,  Environmental  Resources  Branch 


Enclosures 


Copy  Furnished: 


EN-DB-HY  (Rick  Emmert) 
'^N-DB-HY  (Jim  Cain) 


U.S.  Army  Corps 
of  Engineers 

Waila  Walla  District 


ENVIRONMENTAL  ASSESSMENT 

ICE  HARBOR  DAM  SPILLWAY 

DEFLECTORS 

FRANKLIN  AND  WALLA  WALLA  COUNTIES,  WASHINGTON 


Prepared  by 
Walla  Walla  District 
Corps  of  Engineers 


April  1996 
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1.  INTRODUCTION 


This  environmental  assessment  considers  effects  of  modifying  the  spillway  of  Ice  Harbor  Dam, 
which  is  located  at  River  Mile  9.5  on  the  lower  Snake  River  in  southeastern  Washington  (Figure 
1).  The  purpose  of  the  modification  is  to  reduce  the  amount  of  dissolved  gas  produced  as  river 
flows  are  passed  through  the  dam  spillway.  As  required  by  the  National  Environmental  Policy 
Act  (NEPA)  of  1969  and  subsequent  implementing  regulations  promulgated  by  the  Council  on 
Environmental  Quality,  this  assessment  is  prepared  to  determine  whether  the  action  proposed  by 
the  Corps  of  Engineers  (Corps)  constitutes  a  “...major  Federal  action  significantly  affecting  the 
quality  of  the  human  environment...”  and  whether  an  environmental  impact  statement  is  required. 

2.  PROJECT  PURPOSE  AND  NFFD 

Salmon  runs  in  the  Snake  River  have  declined  rapidly  in  recent  years,  leading  to  the  listing  of 
these  runs  as  threatened  or  endangered  species  under  the  Endangered  Species  Act  (ESA).  In 
response  to  this  decline,  the  National  Marine  Fisheries  Service  (NMFS),  the  Northwest  Power 
Planmng  Council  (NPPC),  and  other  regional  agencies  and  groups  requested  the  Corps  to  spill 
water  at  the  eight  federal  dams  on  the  Lower  Snake  and  Columbia  Rivers,  including  Ice  Harbor 
Dam,  to  try  to  improve  juvenile  salmonid  fish  passage  in  the  Snake  and  Columbia  Rivers.  At  the 
request  of  the  NPPC,  the  Corps  started  spilling  water  in  1989  throughout  the  river  system  in  an 
attempt  to  pass  outmigrating  juvenile  salmon  through  dams  that  did  not  have  juvenile  bypass 
systems,  1994,  Ae  Corps  started  spilling  water  at  NMFS’  request  to  try  to  increase  paci^^ge  of 
outmigrating  juvenile  salmon  through  the  spillways  in  addition  to  routing  them  through  the  bypass 
systems.  However,  spilling  causes  the  river  flows  to  plunge  into  the  water  below  the  dams, 
trapping  air  in  the  water  and  resulting  in  high  concMitrations  of  total  dissolved  gas  (TDG).  High 
TDG  can  injure  or  kill  juvenile  and  adult  salmon,  as  well  as  resident  fish  and  other  aquatic 
organisms. 

The  Corps  has  made  earlier  efforts  to  reduce  TDG  concentrations.  In  the  1970’s,  spillway 
deflertors  (also  known  as  fliplips)  were  installed  on  three  of  the  Lower  Snake  River  dams  (Lower 
Granite,  Litfle  Goose,  and  Lower  Monumental)  and  two  of  the  Columbia  River  dams  (McNary 
and  Bonneville)  as  a  temporary  measure  to  reduce  TDG  when  high  flows  exceeded  powerhouse 
capacity  and  water  had  to  be  released  through  the  spillway,  usually  during  spring  runoff.  The 
deflectors  were  ins^led  on  the  lower  part  of  the  spillway  to  keep  the  water  fi-om  plunging  deep 
into  the  stilling  basin  below  the  dams.  Deflectors  were  not  installed  on  Ice  Harbor  Dam  because 
of  concerns  that  deflectors  would  cause  poor  hydraulic  conditions  below  the  dam  that  would 
delay  or  block  adult  salmon  passage.  It  was  also  believed  that  TDG  would  already  be  reduced  by 
the  upstr^  dams  because  of  their  greater  capacity  to  store  water  rather  than  spilling  it  and,  once 
the  additional  turbine  units  were  installed,  their  greater  capacity  to  run  water  through  the 
powerhouse  rather  than  spilling  water  involuntarily.  However,  the  need  for  TDG  abatement 
surfaced  again  vrith  the  listing  of  Snake  River  salmon  under  ESA.  In  their  March  1995  Biological 
Opinion  on  Operation  of  the  Federal  Columbia  River  Power  System,  under  Reasonable  and 
Prudent  Measures  Intermediate  Term  Action  No.  18,  NMFS  requested  that  spillway  modifications 
for  gas  abatement  at  Ice  Harbor  Dam  be  completed  as  soon  as  possible,  contingent  on  the  results 
of  TDG  abatement  evaluations  in  1995  and  1996. 
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3.  ALTERNATIVE  ACTIONS 


The  Corps  investigated  several  actions  it  could  take  to  reduce  TDG  concentrations  at  Ice 
Harbor  Dam.  These  ranged  from  changing  operation  at  the  dam  to  structural  changes.  Because 
of  the  immediate  regional  concern  about  high  TDG,  the  primary  selection  criteria  was  the  action 
had  to  be  something  that  could  be  implemented  quickly.  Most  of  the  alternative  actions  are  still 
being  investigated  as  part  of  the  on-going  gas  abatement  studies  and  may  take  between  4  and  10 
years  to  implement.  The  Corps  identified  only  one  alternative,  spillway  deflectors,  that  would 
provide  meaningful  reduction  in  TDG  and  could  be  implemented  in  time  for  the  1997 
outmigration. 

This  section  describes  alternatives  considered  by  the  Corps  to  provide  some  reduction  in  TDG 
concentrations  until  a  better  solution  is  identified  through  on-going  gas  abatement  studies.  The 
alternatives  include  several  that  may  be  considered  for  implementation  in  the  future,  either  by 
themselves  or  in  various  combinations. 

a.  Proposed  Action.  (Spillway  Deflectors) 

The  preferred  alternative  is  to  construct  spillway  deflectors  on  up  to  ten  spillbays  of  Ice 
Harbor  Dam  and  to  extend  one  or  both  of  the  training  walls  between  spillbays  1  and  2  and 
between  9  and  10  (Figure  2).  The  deflectors  would  be  shaped  somewhat  like  a  shelf  vwth  a 
vertical  downstream  face  and  a  slightly  curved  top  (Figure  3)  to  force  spilled  water  to  flow 
horizontally  (skimming  flow)  rather  than  plunging  to  the  bottom  of  the  stilling  basin.  Each 
deflector  would  extend  across  the  entire  50-foot  width  of  the  spillbay.  The  top  of  the  center  eight 
deflectors  would  be  at  an  elevation  about  34  feet  higher  than  the  bottom  of  the  stilling  basin  and 
about  4  to  10  feet  below  the  normal  tailwater  elevation.  The  elevation  of  the  outer  two  deflectors 
has  yet  to  be  determined,  but  will  be  selected  to  provide  optimum  conditions  for  adult  fish 
entering  the  adjacent  ladders.  The  Corps,  using  data  from  pre-  and  post-deflector  data  from 
Lower  Monumental  Dam,  has  estimated  that  installing  deflectors  of  this  design  at  Ice  Harbor  Dam 
could  possibly  reduce  dissolved  gas  supersaturation  by  up  to  5-  to  10-percent  for  spills  flows  up 
to  60,000  cubic  feet  per  second  (cfs). 

The  Corps  would  construct  the  deflector  project  in  two  stages.  During  the  first  construction 
period  extending  from  August  1, 1996  to  March  15,  1997,  the  Corps  would  install  deflectors  in 
the  center  eight  spillbays.  During  the  second  construction  period  anticipated  to  «ctend  from 
August  1,  1997  to  March  15,  1998,  the  Corps  would  install  deflectors  on  the  two  outside 
spillbays  and  extend  the  training  wall(s). 

The  Corps  has  identified  several  ways  the  spillway  deflectors  could  be  constructed  although 
the  actual  method  to  be  used  will  be  up  to  the  contractor.  One  of  the  quickest  ways  to  construct 
the  deflectors  would  be  to  use  floating  bulkheads  to  block  water  from  the  construction  area.  A 
bulkhead  would  be  floated  to  the  spillbay,  positioned  at  the  location  of  the  downstream  face  of  the 
deflector,  and  filled  with  water  to  cause  the  bulkhead  to  sink.  The  bulkhead  could  also  function 
as  a  form  for  placing  the  concrete  deflector.  Concrete  would  be  placed  underwater,  in  the  dry,  or 
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a  combination  of  both.  Any  water  displaced  by  the  concrete  would  be  pumped  into  a  holding  tank 
on  a  barge  to  allow  sediment  to  settle  out.  Should  the  need  arise  to  spill  water  during 
construction,  the  bulkhead  could  quickly  be  removed  in  less  than  a  day. 

Another  possible  construction  method  would  be  to  use  a  different  floating  bulkhead  (existing 
navigation  lock  bulkhead)  that,  when  used  as  a  pair,  would  span  three  spillbays  simultaneously. 
These  bulkheads  would  be  positioned  slightly  downstream  of  the  downstream  face  of  the 
deflectors.  The  contractor  would  need  to  fabricate  a  steel  “table”  for  the  bulkheads  to  rest  on, 
plus  training  wall  seals  and  braces  to  keep  the  bulkheads  in  place.  Divers  would  have  to  drill 
holes  in  the  spillbay  to  anchor  these  steel  support  structures.  The  work  area  behind  the  bulkheads 
would  be  dewatered  and  a  separate  form  would  be  constructed  for  pouring  the  concrete 
deflectors.  Should  the  Corps  need  to  spill  water  during  construction,  the  bulkheads  could  quickly 
be  removed,  but  the  steel  table  and  bracing  would  have  to  remain  and  may  be  damaged  or  tom 
from  the  dam  by  the  force  of  the  water. 

Yet  another  possible  method  would  be  for  the  contractor  to  fabricate  a  lightweight  underwater 
form  and  place  the  concrete  behind  the  form.  Any  water  displaced  by  the  concrete  would  be 
pumped  into  a  holding  tank  on  a  barge  to  allow  sediment  to  settle  out. 

Under  any  of  the  construction  methods,  the  contractor  would  have  to  drill  holes  into  the 
spillway  using  a  barge-mounted  drill  and  divers.  Some  of  these  holes  would  be  for  placing 
anchors  for  the  concrete.  The  anchors  would  then  be  grouted.  Some  of  the  holes  would  be  for 
chipping  or  blasting  concrete  from  the  spillbay  for  constmction  of  the  upper  curved  portion  of  the 
deflector. 

There  is  a  possibility  the  Corps  would  need  to  spill  water  during  the  construction  period, 
although  the  Corps  would  attempt  not  to  use  spillbays  in  which  constmction  was  taking  place. 
Should  the  Corps  need  to  spill  water  over  an  unfinished  deflector,  the  force  of  the  spilled  water 
hi^g  the  concrete  would  hkely  cause  the  concrete  to  dissolve  or  cmmble  and  be  carried  into  the 
stilling  basin.  The  dissolved  concrete  would  quickly  dissipate  downriver  with  only  a  negligible 
effect  on  water  quality. 

As  part  of  the  1997-98  constmction  stage,  the  Corps  would  extend  one  or  both  of  the  training 
walls  along  the  outer  spillbays.  The  Corps  does  not  have  definitive  information  at  this  time  to 
determine  how  many  walls  will  be  extended  and  what  configuration  they  would  have.  The 
preferred  option  at  this  time  is  to  extend  the  wall  between  spillbays  9  and  10  to  improve  adult  fish 
attraction  flows  and  hydraulic  conditions  at  the  north  fish  ladder  entrance.  The  Corps  will 
perform  additional  physical  hydraulic  modeling  to  further  refine  this  decision. 

The  constmction  method  for  the  training  wall  extension(s)  would  be  similar  to  that  used  for 
the  spillway  deflector  constmction.  The  contractor  would  drill  holes  into  the  stilling  basin  floor  to 
anchor  the  wall  extension.  Bulkheads  would  probably  be  used  to  block  off  the  constmction  area 
while  concrete  for  the  wall  extension  was  being  poured.  The  bulkheads  might  double  as  forms  for 
the  wall.  The  concrete  might  be  placed  underwater  or  the  area  might  be  dewatered  before  the 
concrete  is  placed. 
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There  is  a  possibility  that  the  entrances  to  the  adult  fish  ladders  may  be  extended  to  improve 
conditions  at  the  entrances.  This  is  because  operation  of  the  deflectors  may  change  flows 
downstream  of  the  dam  in  such  a  manner  that  adult  salmon  may  have  difficulty  locating  the  ladder 
entrwces.  The  Corps  will  continue  to  evaluate  this  possible  problem,  through  physical  model 
studies  and  post>construction  biological  evaluations,  to  determine  what  actions  need  to  be  taken. 

The  Corps  plans  to  complete  construction  of  the  center  eight  spillway  deflectors  in  time  for  the 
spring  1997  outmigration.  At  that  time  the  Corps  would  operate  the  spillway  in  the  normal 
manner  for  spring  runoff  flows  or  would  voluntarily  spill  water  as  recommended  by  the  NMFS  for 
fish  passage.  The  Corps  would  observe  conditions  during  the  1997  operation  and  use  that 
information  to  finalize  design  for  the  remaining  two  spillway  deflectors  and  the  training  wall 
extension(s). 

b.  No  Action 

Under  this  alternative,  the  Corps  would  not  construct  spillway  deflectors  nor  extend  the 
training  wall(s).  The  Corps  would  continue  to  operate  the  spillway  for  passing  excess  flows  that 
could  not  be  passed  through  the  powerhouse.  The  Corps  would  continue  to  spill  water  during  the 
spring  ou^gration  period  as  requested  by  NMFS.  The  dam  would  continue  to  produce  high 
TDG  during  spill.  The  Corps  would  continue  to  study  and  design  more  viable  TDG  abating 
concepts  for  future  construction  and  operation. 

c.  Alternatives  Removed  from  Further  Discussion 

1)  Modified  Stilling  Basin 

A  different  structural  alternative  to  reduce  dissolved  gas  would  be  to  modify  the 
configuration  of  the  stilling  basin  (Figure  2).  Under  this  alternative  the  Corps  would  modify  the 
stilling  basin  in  one  of  two  ways.  The  first  would  be  to  raise  the  elevation  of  the  stilling  basin 
floor  about  18  feet  to  reduce  the  depth  of  the  water  in  the  tailrace  below  the  dam.  This  would 
prevent  the  water  coming  through  the  spillway  fi-om  plunging  as  deep  and  would  reduce  TDG. 
However,  this  would  not  dissipate  the  water  energy  in  a  controlled  manner  and  could  result  in 
erosion  and  redeposition  of  gravel  and  rock  in  the  navigation  channel  and  the  river  bed. 

A  second  way  to  modify  the  stilling  basin  would  be  to  construct  a  downward  stepped  stilling 
basin.  The  Corps  would  construct  a  raised  stilling  basin  (primary  basin)  as  described  above,  but 
would  excavate  a  deeper  stilling  basin  (secondary  basin)  immediately  downstream  of  the  primary 
basin.  The  primary  basin  would  reduce  TDG  during  low  flows  while  the  secondary  basin  would 
help  dissipate  ener^.  However,  during  high  flows,  the  stepped  basin  may  result  in  unacceptably 
high  TDG  concentrations. 

The  Corps  has  insufficient  data  to  determine  the  effectiveness  of  these  designs  at  this  time  and 
has  concerns  and  questions  about  the  effects  on  fish  passage  conditions,  stream  bed  erosion,  and 
the  navigation  lock.  The  Corps  is  not  in  a  position  to  implement  this  alternative  in  1996  for  1997 
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operatic^  therefore  this  alternative  has  been  eliminated  from  consideration  at  this  time.  The 
Corps  will  continue  to  study  raised  stilling  basin  concepts  through  the  Corps’  Dissolved  Gas 
Abatement  Study. 

2)  Raised  Tailrace 

Under  this  alternative  the  Corps  would  raise  the  elevation  of  the  tailrace  by  placing  rockfill 
and  large  quarry  stone  riprap  on  the  riverbed  starting  at  the  end  sill  and  extending  500  feet  or 
more  downstream  of  the  stilling  basin.  The  fill  material  would  slope  upward  from  the  stilling 
basin  to  dissipate  energy,  then  slope  downstream. 

As  is  the  case  with  the  stilling  basin  modifications,  the  Corps  has  insufificient  data  to  determine 
the  effectiveness  of  this  design  at  this  time  and  has  concerns  and  questions  about  the  effects  on 
fish  passage  conditions,  stream  bed  erosion,  and  the  navigation  lock.  The  Corps  is  not  in  a 
position  to  implement  this  alternative  in  1996  for  1997  operation,  therefore  this  alternative  has 
been  eliminated  from  consideration  at  this  time.  The  Corps  will  continue  to  study  a  raised  tailrace 
concept  through  the  Corps’  Dissolved  Gas  Abatement  Study. 

3)  Operational  Changes 

Under  this  alternative  the  Corps  would  change  the  pattern  it  uses  to  spill  water  through  the 
spillway,  fa  1995,  the  Corps  tested  an  alternate  spill  pattern  designed  to  minimize  TDG  from  Ice 
H^or  spill.  The  Corps  detected  lower  TDG  in  the  tailwater  when  operating  with  the  alternate 
spill  pattern.  The  alternate  pattern  was  able  to  reduce  TDG  by  3-4%  at  high  discharge  levels 
(60,000-70,000  cfs).  However,  TDG  stiU  remained  above  125%  for  all  spill  over  25,000  cfs 
Changes  in  spiU  operatioii  alone  would  not  resolve  the  TDG  problems  resulting  from’  spUl  at  Ice 

Harbor.  However,  there  is  potential  for  minimizing  or  reducing  TDG  simply  by  altering  the  spill 
pattern. 

The  effect  of  the  alternate  spill  pattern  on  adult  fish  passage  is  uncertain  As  an  interim 
operation  to  assist  in  the  reduction  of  TDG,  it  may  be  beneficial  to  use  the  new  pattern  at  night 
and  use  the  standard  pattern  during  the  day  when  the  adult  fish  are  seeking  passage.  Further 
testing  is  needed  to  determine  the  impact  on  adult  fish  passage  as  well  as  the  effectiveness  of  the 
alternate  pattern  at  various  spill  discharges  and  forebay  TDG  concentrations. 

Because  this  alternative  would  not  provide  adequate  reduction  of  TDG  at  Ice  Harbor,  this 
alternative  was  eliminated  from  further  discussion  for  implementation  in  1996.  This  alternative 
may  be  implemented  in  the  future  depending  on  the  results  of  further  testing. 

4)  No  Voluntary  Spill 

There  are  two  options  under  this  alternative.  Under  the  first  option  the  Corps  would  not 
voluntarily  spill  water  at  Ice  Harbor  for  juvenile  fish  passage.  This  would  eliminate  high  TDG 
associated  with  voluntary  spill,  but  would  not  fulfiU  NMFS’  request  that  the  Corps  spUl  for  fish 
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passage.  It  would  also  not  reduce  TDG  during  involuntary  spill  and  thus  was  removed  from 
further,  consideration. 

Under  the  second  option,  the  Corps  would  install  extended-length  fish  screens  at  Ice  Harbor 
Dam  to  improve  the  ability  of  the  dam  to  direct  juvenile  fish  away  from  the  turbines  and  into  the 
juvenile  bypass  system  of  the  dam.  Since  a  major  goal  of  the  region  is  to  keep  juvenile  fish  away 
from  the  tuibines,  either  through  bypass  or  spill,  the  Corps  might  not  need  to  spill  for  juvenile  fish 
passage  if  the  Corps  improves  the  efficiency  of  the  bypass  system.  However,  this  would  not 
reduce  TDG  levels  during  involuntary  spill  and  was  eliminated  from  consideration  at  this  time. 

The  Corps  may  consider  installing  extended-length  screens  in  the  future. 

4.  AFFECTED  ENVIRONMENT  AND  ENVIRONMENTAL  CONSEQUENCES 

a.  Aquatic  Environment. 

Three  species  of  salmon  pass  over  Ice  Harbor  Dam;  spring/summer  chinook,  fall  chinook,  and 
sockeye  salmon.  The  two  chinook  species  are  listed  as  threatened  species  under  ESA  while  the 
sockeye  salmon  in  listed  as  endangered.  Ice  Harbor  Dam  is  the  first  Sn^e  River  dam 
encountered  by  adult  salmon  migrating  upstream  to  spawn  and  the  last  dam  encountered  by 
outmigrating  juvenile  salmon  before  they  enter  the  Columbia  River. 

Construction  of  the  spillway  deflectors  would  have  minimal  impacts  on  aquatic  resources  in 
the  vicinity  of  the  dam.  No  important  fish  habitat  would  be  disturbed  by  the  construction.  Fish 
Md  other  organisms  in  the  river  would  easily  avoid  the  construction  activities'  Any  fish  trapped 
in  the  work  area  would  be  released  back  into  the  river.  There  is  the  possibility  that  high  river 
flows  during  the  construction  period  could  force  the  Corps  to  spill  water  over  the  construction 
area  on  the  spillway.  Fish  caught  up  in  the  spill  may  strike  the  exposed  anchors  and  bulkhead 
support  structures  Of  the  bulkhead  with  “table”  method  is  being  used)  and  be  injured.  Since  the 
Corps  plans  to  start  construction  in  August,  the  Corps  would  not  be  able  to  spill  water  for 
juvenile  fidl  chinook  passage  during  August.  However,  the  juvenile  bypass  facilities  at  the  dam 
would  be  operational  during  that  period  and  the  &11  chinook  would  be  able  to  pass  the  dam 
through  those  facilities. 

Operation  of  the  spillway  deflectors  is  expected  to  decrease  TDG  when  water  is  being  spilled, 
which  would  improve  in-water  conditions  for  salmon  as  well  as  other  aquatic  organisms. 

Dissolved  gas  levels  are  of  concern  because  gas  supersaturation  can  lead  to  the  development  of 
gas  bubble  "disease"  in  fish  and  aquatic  organisms.  This  condition  can  produce  a  variety  of  signs 
and  physiological  changes  that  are  often  fetal.  Adult  salmon  are  more  susceptible  to  the  effects  of 
TDG  supersaturation  than  juveniles  due  to  their  more  developed  organs.  High  gas  saturation 
levels  may  also  cause  food  organisms  for  juvenile  salmon  to  involuntarily  float  away  from  salmon 
rearing  and  staging  areas. 

Spill  at  Ice  Harbor  Dam,  both  involuntary  during  high  flows  and  voluntary  for  fish  passage, 
causes  TDG  supersaturation  that  can  exceed  the  established  Washington  water  quality  standard 
and  Federal  water  quality  criteria  of  1 10  percent  of  barometric  pressure.  In  recent  years  the 
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Corps  has  operated  under  temporary  waivers  for  endangered  species  considerations  that  allow 
TDG  exceeding  that  standard  Extremely  high  TDG  has  been  recorded  immediately  below  the 
dam  during  spills  greater  that  60,000  cfs.  Research  indicates  that  TDG  concentrations  above  120 
percent  can  be  lethal  and  lead  to  death  or  chronic  physiological  stress  in  juvenile  salmon  with 
enough  exposure  time.  Adult  salmon  are  negatively  affected  at  TDG  below  1 10  percent  and  TDG 
of  1 15  percent  can  be  lethal.  The  Corps  has  estimated  that  installing  deflectors  at  Ice  Harbor 
Dam  may  reduce  TDG  by  5  to  10  percent  at  the  current  spill  cap  level  of 25,000  cfs.  If  the 
defleaors  are  able  to  reduce  TDG  closer  to  between  110  and  115  percent,  adult  and  juvenile 
salmon  survival  could  be  increased. 

Ice  Harbor  Dam  has  two  fish  ladders  to  provide  upstream  passage  for  adult  salmon  migrating 
upstream  to  spawn.  The  entrance  to  the  north  ladder  is  adjacent  to  the  north  side  of  spillbay  10 
while  the  south  ladder  entrance  is  adjacent  to  the  south  side  of  spillbay  1.  Since  adult  salmon  are 
attracted  to  strong  flows,  the  Corps  provides  attraction  water  at  the  entrance  of  each  ladder  to 
help  the  adults  find  the  ladders.  Operation  of  the  spillway  deflectors  may  impact  adult  salmon 
passage  conditions.  The  water  moving  over  the  deflectors  may  pull  flows  from  the  powerhouse 
over  towards  the  stilling  basin,  creating  a  lateral  flow  across  the  downstream  face  of  the  dam. 

This  lateral  flow  could  produce  turbulence  that  may  confuse  adult  fish  and  discourage  them  from 
entering  the  fish  ladders.  However,  model  studies  indicate  operation  of  the  deflectors  would  not 
create  adult  passage  conditions  worse  than  existing  conditions.  Extending  the  training  wall 
between  spillbays  9  and  10  may  help  reduce  the  turbulence  and  direct  adults  to  the  fish  ladder. 

The  impa^  of  the  spillway  deflectors  on  passage  conditions  for  juvenile  salmon  going  through 
the  spillway  is  unknown.  The  stilling  basin  at  Ice  Harbor  Dam  was  designed  to  dissipate  energy 
generated  by  water  flowing  over  the  spillway,  not  to  provide  passage  for  juvenile  salmon  or  other 
aquatic  organisrns.  The  configuration  of  the  stilling  basin  and  the  placement  of  the  concrete 
baffles  were  designed  to  dissipate  kinetic  energy  fi-om  the  water  spilling  through  the  spillway  to 
reduce  turbulence  and  shoreline  erosion  downstream  of  the  dam.  Juvenile  fish  passing  through 
the  spillway  may  be  driven  against  the  concrete  baffles  as  the  water  loses  energy.  Passage 
conditions  may  improve  with  the  installation  of  the  deflectors.  The  deflectors  should  produce  a 
skimming  flow  along  the  surface  of  the  water.  This  skimming  flow  may  be  sufficient  to  carry  the 
juvenile  salmon  across  the  top  of  the  concrete  baffles  at  the  downstream  edge  of  the  stilling  basin 
(Figure  3).  However,  the  flow  may  still  force  the  fish  into  the  rolling  water  between  the  baffles 
and  the  end  sill  wall,  battering  the  fish  against  the  concrete. 

b.  Wildlife 

Wildlife  use  of  the  immediate  area  below  Ice  Harbor  Dam  is  primarily  by  birds.  Cliff 
swallows  nest  on  the  dam  structure  and  may  forage  for  insects  over  the  tailrace.  Numerous 
species  of  waterfowl  rest  and  forage  in  the  Water  below  the  dam.  Ring-bUled  gulls  perch  on  the 
dam  structure  and  prey  on  fish  that  have  passed  through  the  turbines  or  the  spillway. 

Construction  activities  would  not  impact  wildlife  use  at  the  dam.  Construction  activities 
would  take  place  when  birds  are  not  nesting.  Any  birds  in  the  area  would  easily  be  able  to  avoid 
the  work  activities. 
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Operation  of  the  deflectors  would  not  negatively  impact  wildlife  use  at  the  dam.  Birds  would 
generally  avoid  the  areas  of  water  turbulence.  Gulls  would  still  be  attracted  to  the  tailrace  area 
during  spill  operations  to  feed  on  stunned  juvenile  salmon  passing  through  the  spillway. 

c.  Endangered  Species. 

As  mentioned  in  section  4.a.,  three  species  of  listed  salmon  pass  over  Ice  Harbor  Dam: 
spring/summer  chinook,  fall  chinook,  and  sockeye  salmon.  The  Corps  has  written  a  coordination 
letter  to  NMFS  stating  that  the  construction  of  the  spillway  deflectors  is  not  likely  to  adversely 
affect  these  listed  species.  A  copy  of  this  letter  is  in  Appendix  A.  The  Corps  proposes  installing 
the  spillway  deflectors  as  per  the  Biological  Opinion  on  Operation  of  the  Federal  Columbia  River 
Power  System  prepared  by  NMFS  in  March  1995. 

Federal  agencies  are  required  to  consult  with  USFWS  for  actions  they  intend  to  implement 
that  may  Jeopardize  the  eustence  of  listed  species.  The  Corps  has  identified  two  species,  the 
wintering  bald  eagle  and  the  migrating  peregrine  falcon,  which  may  utilize  the  habitat  in  the 
project  area.  No  impacts  to  individuals  of  these  listed  species  are  anticipated  by  the  construction 
and  operation  of  the  spillway  deflector  project.  The  proposed  work  site  is  already  disturbed  and 
is  a  center  of  human  activities.  Any  eagles  or  &lcons  in  the  vicinity  of  the  project  would  be 
passing  through  and  would  easily  avoid  the  construction  site.  The  construction  and  operation  of 
the  spillway  deflector  project  would  not  affect  food  sources  for  either  of  the  species.  Based 
primarily  on  the  fact  that  wintering  bald  eagles  and  migrating  peregrine  &lcons  will  not  be  present 
during  the  construction  window  (August  -  March)  and  that  food  sources  or  habitats  of  these  two 
species  would  not  be  affected,  the  Corps  has  made  a  “No  Effect”  determination. 

5.  ENVIRONMENTAL  REVIEW  REQUIREMENTS 

The  following  paragraphs  address  the  principal  environmental  review  and  consultation 
requirements  applicable  to  Corps  of  Engineers  dvil  works  actions.  Pertinent  Federal  statutes, 
executive  orders,  and  executive  memorandums  are  included. 

a  Reservoir  Salvage  Act:  National  Historic  Preservation  Act:  Executive  Order  11593 
Protection  and  Enhancement  of  the  Cultural  Environment. 

The  project  constitutes  a  modification  to  an  existing  non-eligible  structure.  A  finding  of  “no 
effect  to  cultural  or  historic  properties”  has  bwn  forwarded  to  the  Washington  State  Historic 
Preservation  Office. 

b.  Clean  Air  Act. 

This  EA  has  been  provided  to  the  Environmental  Protection  Agency  in  compliance  with  this 
Act. 
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c.  Clean  Water  Act. 


Placement  of  temporary  bulkheads  and  construction  of  the  spillway  deflectors  and  training 
wall  extension  will  be  subject  to  the  requirements  of  the  Clean  Water  Act.  Placement  of 
temporary  bulkheads  is  covered  under  nationwide  permit  number  33,  Temt)orarv  Construction 
Apc^ss  arid  Dewatering.  Construction  of  the  deflectors  and  training  wall  extension  is  covered 
under  nationwide  permit  number  25,  Structural  Discharge,  as  the  concrete  and  grout  for  these 
structures  will  be  placed  in  tightly  sealed  cells.  Construction  of  the  training  wall  extension(s)  is 
subject  to  Section  10  requirements,  but  because  the  training  wall  extension(s)  would  be  located  in 
an  area  closed  to  boat  traffic  there  would  be  no  impacts  on  navigation.  The  contractor  will  be 
required  to  obtain  a  water  quality  standards  modification  from  Washington  Department  of 
Ecology  for  the  discharge  of  the  pulverized  concrete  from  the  anchor  drilling  if  the  contractor 
chooses  not  to  capture  the  cuttings  for  upland  disposal.  The  contractor  will  be  required  to  obtain 
a  Hydraulic  Project  Approval  (HP  A)  from  the  Washington  Department  of  Fish  and  Wildlife 
(WDFW)  prior  to  installing  the  deflectors  and  training  wall  extension(s). 

d  Endangered  Species  Act  of  1973  as  Amended 

See  Section  4.d.  The  Corps  has  determined  that  construction  and  operation  of  the  proposed 
project  would  have  “No  Effect”  on  listed  wildlife  species.  The  Corps  has  also  determined 
construction  of  the  proposed  project  is  not  likely  to  adversely  affect  listed  salmon  stocks. 

e.  Wild  and  Scenic  Rivers  Act. 


This  segment  of  the  Snake  River  is  not  included  on  the  inventory  of  wild  and  scenic  rivers, 
f-  Fish  and  Wrddlife  Coordination  Act 

Under  this  act,  federal  agencies  proposing  water  resource  development  projects  are  required 
to  coordinate  with  the  USFWS  for  evaluation  of  effects  the  project  may  have  on  fish  and  wildlife 
resources.  The  Corps  has  coordinated  with  the  USFWS  (telephone  conversation  on  December 
13,  1995,  be^een  Lonnie  Mettler  of  the  Corps  and  Dan  Haley  of  USFWS)  and  discussed  the 
deflector  project.  The  Corps  and  USFWS  agreed  there  would  be  no  need  for  a  Coordination  Act 

Report  or  a  Planning  Aid  Letter  as  long  as  there  was  no  change  in  the  alternatives  as  described  in 
this  EA. 

g-  National  Environmental  Policy  Act  fNEPAV 

This  EA  was  prepared  as  required  by  the  Act.  The  NEPA  process  wiU  be  complete  when 
either  a  Finding  of  No  Significant  Impact  is  signed  or  an  Environmental  Impact  Statement  is 
prepared. 
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h.  Northwest  Electric  Power  Planning  and  Conservation  Act. 


The  proposed  project  is  in  compliance  with  this  Act  and  the  fish  and  wildlife  program 
developed  pursuant  to  the  Act. 


The  proposed  action  would  not  adversely  affect  floodplain  resources  and  would  not 
contribute  to  future  development  in  the  floodplain. 

j.  Executive  Order  1 1990.  Protection  of  Wetlands. 

The  proposed  action  will  not  affect  wetland  areas. 


No  agricultural  land  will  be  affected. 


6.  CONSULTATION  AND  COORDINATION 


Development  of  this  project  has  been  coordinated  with  NMFS,  Washington  Department  of  Fish 
and  Wildlife,  and  other  agencies  with  representation  in  the  Fish  Facility  Design  Work  Group. 

Copies  of  this  Environmental  Assessment  have  been  sent  to: 


U.S.  Environmental  Protection  Agency  Idaho  Department  of  Environmental  Quality 

Seattle,  WA  Lewiston,  ID 


U.S.  Fish  and  Wildlife  Service 
Moses  Lake  and  Vancouver,  WA 

National  Marine  Fisheries  Service 
Portland,  OR 

Washington  Department  of  Fish  and  Wildlife 
Olympia,  Kennewick,  Spokane,  and  Walla 
WaUa,  WA 

Washington  Department  of  Ecology 
Olympia  and  Spokane,  WA 

Idaho  Department  of  Fish  and  Game 
Lewiston,  ID 


Oregon  Department  of  Fish  and  Wildlife 
Portland  and  Clackamas,  OR 

Oregon  Department  of  Environmental 
Quality 

Pendleton,  OR 

Office  of  Archaeology  and  lEstoric 

Preservation 

Olympia,  WA 

Columbia  River  Intertribal  Fish  Commission 
Portland,  OR 

Northwest  Power  Planning  Council 
Portland,  OR 
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Columbia  Basin  Fish  and  Wildlife  Authority 
Portland,  OR 

Confederated  Tribes  of  the  Umatilla  Indian 

Reservation 

Pendleton,  OR 

Nez  Perce  Tribe  of  Idaho 
Lapwai,  ID 

Walla  Walla  County  Commissioners 
Walla  Walla,  WA 

Franklin  County  Commissioners 
Pasco,  WA 

Tri-State  Steelheaders 
Walla  Walla,  WA 

Tri-City  Herald 
Tri-Cities,  WA 

Walla  Walla  Union-Bulletin 
Walla  WaUa,WA 
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Appendix  A 


Endangered  Species  Act  Coordination  Letter  to 
National  Marine  Fisheries  Service 


Reply  To 
Attention  Of: 


DEPARTMENT  OF  THE  ARMY 
WALLA  WALLA  DISTRICT,  CORPS  OF  ENGINEERS 
201  NORTH  THIRD  AVENUE 
WALLA  WALLA,  WASHINGTON  99362-1876 

AprO  16,  1996 


Planning  Division 


Jacqueline  Wyland 
Division  Chief 

National  Marine  Fisheries  Service 
Environmental  and  Technical  Services  Division 
525  N.E.  Oregon  Street,  Suite  500 
Portland,  Oregon  97232 

Dear  Ms.  Wyland: 

Pursuant  to  the  Reasonable  and  Prudent  Alternative  Intermediate  Term 
Action  No.  18  of  the  March  2,  1995,  Biological  Opinion  on  Operation  of  the 
Federal  Columbia  River  Power  System  (BiOp),  we  are  completing  a  design 
memorandum  and  plans  and  specifications  to  construct  eight  spillway  flow 
deflectors  at  Ice  Harbor  Dam.  The  BiOp  requests  that  spillway  modifications 
for  gas  abatement  at  Ice  Harbor  dam  be  completed  “as  soon  as  possible.”  The 
Corps  interpretation  of  this  request  was  to  advance  flow  deflector  design  and 
installation  targeted  at  operation  prior  to  the  1997  spring/summer  chinook 
salmon  outmigration  beginning  April  15,  1997.  The  deflectors,  often  referred 
to  as  “fliphps”,  are  designed  to  direct  spillway  flow  in  a  .skiTTiTning  manner 
which  acts  to  reduce  the  production  of  total  dissolved  gas  supersaturation 
(TDGS)  resulting  fi:om  high  spill  Kcfe. 

This  letter  is  provided  as  coordination  for  your  review  and  comment.  The 
Walla  District,  U.S.  Army  Corps  of  Engineers,  plans  to  construct  deflectors  in 
eight  of  the  ten  spillbays  at  Ice  Harbor  Dam.  This  proposed  action  will  likely 
require  the  entire  ten  (10)  bays  of  the  spillway  to  be  closed  for  seven  and  one- 
half  (7.5)  months.  The  proposed  closure  of  the  spillway  will  occur  from 
August  1,  1996,  through  March  15, 1997.  The  Walla  Walla  District  has 
included  a  clause  in  the  construction  contract  that  spill  during  the  month  of 
August  1996  is  highly  desired  and  will  be  encouraged  by  the  Corps  to  be 
consistant  with  the  BiOp  Reasonable  and  Prudent  Alternative  operation  for 
summer  migrants.  The  ability  to  schedule  and  provide  spill  especially  for 
juvenile  salmon  during  nighttime  hours  throughout  August  1996,  unless 
absolutely  necessary  as  per  the  contractor’s  anticipated  schedvile,  will  be 
tightly  coordinated  between  the  Corps,  National  Marine  Fisheries  Service 
(NMFS),  and  the  contractor. 


Snake  River  salmon  stocks  listed  under  the  ESA  are  not  likely  to  be 
adversely  affected  by  the  proposed  activities  beginning  in  August,  1996. 

During  final  preparation  of  the  Feature  Design  Memorandxmi  (FDM)  No. 
33,  physical  model  studies  identified  additional  changes  to  the  Ice  Harbor 
Dam  spillway  which  coiild  provide  enhanced  dissolved  gas  control  and  adult 
fish  passage  hydraulic  conditions  following  the  1997  outmigration  season. 
These  changes  include  possible  additional  deflector  installation  on  bays  1  and 
10  and/or  extensions  of  the  north  and  south  training  walls  to  the  end  sill  of 
the  stilling  basin.  It  was  not  possible  to  fully  address  these  items  in  the  FDM 
because  of  accelerated  schedules. 

The  new  collection  channel  and  dewatering  structmre  for  the  juvenile 
bypass  system  at  Ice  Harbor  Dam  became  operational  on  April  1,  1996. 
Operation  of  the  new  juvenile  bypass  facility  was  included  in  the  formal 
consultation  of  the  Federal  Columbia  River  Power  System  for  1994  through 
1998  (March  1994)and  will  be  operated  to  pass  smolts  during  the  August 
through  October  1996  closure  of  the  spiRway.  The  NMFS  concluded  that  the 
proposed  actions  (for  juvenile  bypass  facility  operation)  would  not  jeopardize 
the  continued  existence  of  listed  Snake  River  salmon  stocks  or  adversely  . 
modify  their  critical  habitat.  However,  no  post-construction  evaluation  has 
been  conducted  to  date.  Assuming  that  no  unanticipated  malfunctions  in  the 
new  juvenile  bypass  facility  during  the  post-construction  evaluation  during 
Spring  1996,  operation  of  the  facility  for  summer  fish  imder  full  bypass  mode 
should  not  affect  svimmer  and  fall  Chinook  condition  greater  than  the  2 
percent  bypass  mortality  rate  observed  at  upriver  collection  facilities.  The 
spring  Chinook  evaluations  will  end  before  June  1,1996,  with  no  sampling 
anticipated  for  siunmer  outmigrants  during  1996. 

Proposed  Action 

We  plan  to  construct  8  deflectors  at  elevation  338  feet  within  spillbays  2 
through  9  at  Ice  Harbor  Dam.  In-water  construction  may  begin  as  early  as 
August  1,  1996,  and  may  continue  through  March  15, 1997  (Enclosure  1). 
Walla  Walla  District  engineers  have  estimated  the  construction  of  a  full  set 
of  8  deflectors  cannot  be  completed  during  the  traditional  work  window  of 
December  through  February.  The  decision  to  install  8  deflectors  was 
dependent  on  physical  model  results  indicating  suitable  adult  fishway 
attraction  hydraulic  conditions.  Model  demonstrations  were  coordinated 
during  a  March  1996  trip  to  Waterways  Experiment  Station  (WES)  by  Gary 
Fredricks  and  Steve  Rainey  of  NMFS,  Joel  Hxmt  of  the  University  of  Idaho, 
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and  a  group  of  Corps  hydraulic  engineers  and  Operations  Division  biologists. 
The  outside  spillbays  (nos.  1  and  10)  will  remain  without  deflectors  during 
the  1997-98  juvenile  salmon  passage  season.  Physical  model  studies 
performed  in  March  1996  indicated  that  deflectors  possibly  should  be 
installed  in  the  outside  spillbays  1  and  10  to  reduce  the  amount  of 
atmospheric  air  available  to  be  plunged  to  hydrostatic  pressures  at  depth. 
The  installation  of  deflectors  in  bays  1  and  10  will  not  necessarily  provide 
better  adult  attraction.  However,  the  model  demonstrated  that  attraction 
conditions  would  likely  be  no  worse  than  with  the  8  bay  pattern.  In  addition, 
north  and  south  training  wall  extensions  will  likely  be  required  in  the  future 
to  better  entrain  and  direct  the  flow  from  these  bays  downriver.  The  training 
wall  extensions  should  provide  improved  adult  attraction  conditions. 

Pre-PrilliTip  fnr  Anchor  Bolt  and  Rpbar 

Beginning  as  early  as  possible  in  August  1996,  a  barge-mounted  drilling 
rig  will  access  each  spillbay  from  the  tailrace  for  drilling  anchor  bolt  and 
rebar  tie  holes  constituting  the  15-degree  radius  transition  curve  from  each 
spillbay  face  to  each  12.5  foot  long  deflector. 

The  pre-drilling  for  anchor  bolt  placement  will  be  performed  prior  to 
floating  bulkhead  installation  and  partial  spillway  dewatering.  Based  upon 
an  assumed  schedule  needed  by  the  contractor  to  complete  the  proposed 
project,  it  is  anticipated  that  no  spill  would  be  allowed  during  Haytinrio  hours 
in  order  to  maintain  a  stable  platform.  This  would  reduce  spill  for  passage  of 
juvenfre  salmonids  during  the  daylight  hours  when  individuals  are  expected 
to  be  in  the  immediate  forebay  area  waiting  to  pass  the  dam.  The  juvenile 
bypass  system  will  be  operated  during  this  no-spill  period.  The  no-spill 
operation  may  possibly  caiise  some  delay  to  adult  attraction  flow  exiting  the 
fishway  entrances. 

Alternative.s 

We  are  currently  examining  two  alternatives  for  the  construction  of 
deflectors.  Both  alternatives  are  scheduled  to  result  in  full  installation  of  8 
deflectors  prior  to  the  1997  outmigration.  Both  alternatives  would  limit  or 
terminate  BiOp  requested  spill  between  August  1  through  August  31,  1996, 
contingent  upon  contractor-specified  needs  to  begin  pre-drilling  and 
dewatering  activities  involving  diver  activities  to  meet  the  March  15, 1997 
completion  date. 
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In  the  event  of  forced  spill  above  current  hydraulic  capacity  of  the 
powerhouse  (about  88  Kefs  with  all  six  turbine  units  operable,  76  Kefs  with 
one  turbine  unit,  64  Kcfe  with  two  turbine  units  inoperable),  all  construction 
activity  in  the  spillway  must  be  terminated  and  abandoned  until  safe 
conditions  resume.  To  date,  Turbine  Units  2  and  5  are  inoperable  at  Ice 
Harbor  Dam.  All  six  turbine  units  are  scheduled  to  be  fully  operable  by  mid- 
May  1996.  It  is  anticipated  that  the  natxiral  reduction  of  summer  flow  in  the 
lower  Snake  River  would  allow  for  a  full  powerhouse  capacity  operation  for 
the  month  of  August  1996.  A  potential  forced  spill  event  would  likely  result 
in  equipment  damage  to  the  dewatering  support  structure  and  unknown 
effects  on  the  physical  condition  of  fish  passed  by  spill  during  the  event, 
depending  upon  the  degree  of  construction  activities  completed,  i.e., 
possibihty  of  exposed  rebar  and  anchor  bolts,  or  exposed  excavated  concrete 
surfaces  along  the  spiUbay  ogee  curve.  A  forced  spill  event  would  result  in  an 
unknown  amoimt  of  delay  in  construction  completion  of  the  8  deflectors  prior 
to  the  March  15,1997,  target  date. 

The  first  alternative  may  be  preferred  by  the  contractor.  Enclosure  1 
outlines  the  schedule  and  process  of  installing  8  deflectors  in  three  phases 
utilizing  the  two  floating  nav-lock  bulkheads  that  are  currently  available. 

The  two  bulkheads  would  be  installed  first  on  one  side  of  the  spillway, 
sealing  off  and  dewatering  spiUbays  2,  3,  and  4.  Deflectors  would  then  be 
formed  and  concrete  placed.  Bulkhead  installation  and  sealing  will  require 
the  construction  of  a  complex  steel  beam  support  structure  (refer  to  Enclosure 
1).  This  structure  incorporates  a  submerged  “table”  bolted  to  the  stilling 
basin  floor  across  the  entire  length  of  the  spillway.  It  also  includes  three  sets 
of  scaffolding-type  support  beams  bolted  to  the  face  of  the  respected  spillbays. 
Following  concrete  finishing  during  the  first  phase,  the  bulkheads  would  be 
removed  and  the  process  would  be  replicated  on  the  opposite  side  of  the 
spillway:  sealing  off  and  dewatering  spillbays  7,  8,  and  9,  then  deflectors 
formed  and  concrete  placed.  The  last  phase  would  include  removal  of  the 
bulkheads  fi:om  spillbays  7,  8,  and  9.  Movement  and  installation  of  the 
bulkheads  to  spillbays  5  and  6  would  then  occur,  followed  by  dewatering, 
then  setting  forms  and  concrete  placing. 

The  second  alternative  is  preferred  by  the  Walla  Walla  District.  It  may 
allow  for  spill  during  August  1996.  The  bulkheads  with  their  attachment 
mechanisms  could  be  removed  much  more  rapidly  in  the  case  of  a  forced  spiU 
event.  Dewatering  for  construction  could  be  delayed  until  after  August  31, 
1996.  This  alternative  still  provides  for  the  completion  of  8  deflectors  prior  to 
the  March  15,  1997  spring/summer  chinook  smolt  outmigration. 
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The  primary  difference  between  the  alternatives  is  the  method  of 
dewatering  the  spillway  sections.  The  second  alternative  is  based  upon  the 
concept  used  in  the  1970s  to  construct  the  existing  deflectors  at  McNary, 
Lower  Monumental,  and  Little  Goose  Dams.  New  floating  bulkheads  that 
act  as  the  form,  as  well  as  the  dewatering  structure,  would  be  fabricated 
based  upon  the  original  1970s  design  drawings.  These  bulkheads  would  be 
secured  by  a  tensioning  cable  system  where  seahng  would  be  accomplished  by 
hydrostatic  pressure.  No  elaborate  steel  beam  support  system  would  be 
required,  thus  allowing  a  more  rapid  (down  to  one  day)  removal  without 
leaving  any  supporting  structme  framework  bolted  to  the  spillway  face  in  the 
event  of  high  forced  spill.  The  time  saved  in  dewatering  and  deflector 
construction  in  relationship  to  the  needed  time  to  construct  these  bulkheads 
could  delay  dewatering  to  past  September  1,1996.  However,  there  remains  a 
chance  that  the  contractor  could  not  accomphsh  bulkhead  construction  in 
time  for  implementation  and  completion  of  8  deflectors  prior  to  March  15 
1997. 


Listed  Snake  River  Salmon  Stnrlrg 

Snake  River  Sockeve  and  Spring/Summer  Chinook  SalmnT. 


Discussion  of  the  migratory  patterns  of  juvenile  and  adult  Snake  River 
sockeye  and  spring/summer  chinook  salmon  are  included  in  the  Biological 
Assessment  for  the  Operation  of  the  Federal  Columbia  River  Power  System 
for  1994  through  1998. 

TABLES  1  and  2  indicate  that  from  99.0*99.5percent  of  the  indexed 
juvenile  wild  spring/summer  chinook  and  91.9-97.7  of  the  0.  nerka  salmon 
outmigration  woiild  have  passed  Lower  Monumental  dam  prior  to  1  August 
(FPC  1994,  1995).  The  PIT-tag  database  indicates  that  100  percent  of  the 
wild  yearling  outmigration  had  passed  Lower  Granite  Dam  by  Jvdy  23,1995, 
(University  of  Washington  CQS  World  Wide  Web  Page  Realtime  Forecaster,’ 
1995).  It  could  take  approximately  2-3  more  days  to  arrive  in  the  Ice  Harbor 
forebay,  sp  a  few  percent  reduction  may  be  expected,  resulting  in  greater 
than  97  percent  passage  for  wild  indexed  spring/svunmer  chinook  and  greater 
than  90  percent  passage  for  wild  indexed  Q.  nerka  salmon  for  the  1994  and 
1995  indexed  population. 
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Snake  River  Fall  Chinnnlr  Salmnn 
Juveniles 


Juvenile  Snake  River  fall  chinook  salmon  migrate  as  subyearlings 
early  in  June  through  mid-August,  and  peak  in  numbers  at  the  collector 
dams  in  July  (Ceballos  et  al.  1991;  and  Chapman  et  al.  1991).  Information 
on  the  outmigration  of  Snake  River  fall  chinook  salmon  at  Ice  Harbor  Dam  is 
limited  and  is  derived  from  passage  at  dams  immediately  upstream  on  the 
Snake  River  and  downstream  on  the  Columbia  River. 

Collections  from  the  first  year  of  operation  at  Lower  Monumental  Dam 
followed  the  outmigration  pattern  seen  at  the  other  Lower  Columbia  and 
Snake  River  facilities.  Total  fall  chinook  salmon  collection  at  Lower 
Monumental  in  1993  was  76,745,  with  peak  collections  occurring  in  July, 
with  57,016  (74.3  percent)  individuals.  Total  fall  chinook  salmon  numbers 
declined  in  August  to  12,406  (16.2  percent),  in  September  to  1,225  (1.6 
percent),  and  dramatically  in  the  last  week  of  September  continuing  through 
November  1  with  average  daily  collections  less  than  20  individuals,  of  which 
66.0  percent  were  of  hatchery  origin  (Spurgeon  and  Wagner  1994).  The 
combined  collection  of  fall  chinook  for  September  and  October  represented 
only  2  percent  of  the  total  1993  collection. 

McNary  Dam  on  the  Lower  Columbia  River  has  similar  collection 
patterns  to  the  Snake  River  dams.  Although  Snake  River  fall  chinook  salmon 
are  only  a  small  portion  of  the  total  numbers  of  fall  chinook  collected  at 
McNary  Dam  due  to  the  Hanford  Reach  subyearling  contribution  from  the 
mid-Columbia  River,  both  stocks  follow  similar  outmigration  patterns.  Peaks 
in  fall  chinook  collection  diuring  the  years  1982-1993  ranged  from  Jime  24  in 
1990  to  Jxily  22  in  1986  (Ceballos  et  al.  1991). 

Although  we  e^ect  the  fall  chinook  outmigration  at  Ice  Harbor  Dam  in 
1996  to  differ  somewhat  compared  to  1993  and  1995,  we  expect  the  run 
timing  to  be  relatively  similar  because  of  the  consistency  in  the  outmigration 
seen  in  the  collections  of  fall  chinook  at  all  the  Columbia  and  Snake  River 
collector  projects  in  1991  through  1995  (Corps  1992  and  1993,  Baxter  et  al. 
1994,  Wik  et  al.  1994,  Spurgeon  and  Wagner  1994,  FPC  1994  and  1995). 

TABLES  1  and  2  indicate  the  passage  index  distribution  of  juvenile  wild 
fall  chinook  for  1994  and  1995,  with  81.7  percent  subyearling  passing  before 
August  1  in  1994  and  61.6  percent  passing  before  August  1  during  the  higher 
flow  year  of  1995.  This  estimate  is  consistent  with  a  PIT-tag  database 
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analysis  (University  of  Washington  CQS  World  Wide  Web  Page  Realtime 
Forecaster,  1995).  TABLES  1  and  2  suggest  that  closure  of  the  Ice  Harbor 
spillway  dining  the  final  month  of  the  BiOp  directed  spill  operation  would 
reroute  passage  of  about  one-half  of  the  5.9-31.8  percent  of  the  annual  wild 
fall  Chinook  outmigration  not  collected  and  transported  from  Lower  Granite, 
Little  Goose,  and  Lower  Monxunental  Dams,  assuming  a  1:1  spill  efficiency. 
The  percentages  of  total  subyearling  outmigrant  estimates  for  post-August  1 
through  October  (18.4  percent  for  1994  and  38.4  for  1995,  TABLES  1  and  2) 
could  be  slightly  higher  when  considering  imanticipated  late  migrating  or 
staging  phenomena  such  as  the  resultant  dipping  of  several  thousand 
subyearling  chinook  from  the  Ice  Harbor  gatewells  during  the  late  fall  and 
winter  of  1995  after  the  scheduled  smolt  sampling  season  (Dave  Hurson, 
USACE-Walla  Walla  District,  Operations  Division,  pers.  comm.,  January 
1996).  With  the  operation  of  extended-length  screens  at  Lower  Granite  Dam 
dmdng  1996,  it  is  expected  that  about  67  percent  of  the  fall  chinook 
originating  above  Lower  Granite  Dam  in  the  summer  would  be  collected  and 
transported. 

Adults 


Adult  Snake  River  fall  chinook  enter  the  lower  Snake  River  in  mid-,  to 
late-August,  and  are  counted  passing  through  the  Ice  Harbor  Dam  ladders 
imtil  late  November,  with  peadc  passage  occurring  in  September  (Chapman  et 
al.  1991). 


Effects 


Spill  operations  with  deflectors  in  8  bays  are  estimated  to  provide  an 
additional  20  Kefs  of  spill  that  could  be  released  toward  achieving  the  80 
percent  FPE  target  xmder  the  same  120  percent  TDG  constraint.  Operation 
of  the  nondeflector  outside  bays  will  be  eliminated  or  tightly  controlled 
during  forced  spill  above  the  estimated  new  spill  cap  of  45  Kefs. 

Closure  of  the  Ice  Harbor  Snillwav 

Juveniles 


Closme  of  the  spillway  will  reduce  the  potential  to  meet  the  80  percent 
fish  passage  efficiency  (FPE)  for  subyearling  migrant  passage  diuring  August. 
The  estimated  FPE  would  be  solely  based  upon  the  fish  guidance  efficiency 


(FGE)  assumption  of  55*64  percent  for  spring/summer  chinook,  60  percent  for 
0.  nerka.  and  33-50  percent  for  fall  chinook  (Ceballos  memo  for 
spring/summer  chinook,  March  25, 1996).  In  the  case  of  a  high  flow  event 
with  runoff  volumes  exceeding  the  projected  powerhouse  capacity  of  88  Kefs, 
all  construction  activities  would  be  terminated  for  forced  spill.  Reinitiation  of 
construction  would  be  coordinated  between  the  Corps,  contractor,  and  NMFS 
following  assessment  after  the  hydrologic  event  has  run  the  duration  of  its 
course. 

The  primary  passage  route  for  smolts  past  August  1  will  be  the  new 
juvenile  bypass  facility,  which  will  be  fully  operational  throughout  the  1996 
outmigration  season  (Dave  Hurson,  USAGE- Walla  Walla  District  Operations 
Division,  and  Dave  Opbroek,  USACE-WaUa  Walla  District  Construction 
Division,  pers.  comms.,  January  and  February  1996).  Operation  of  the 
juvenile  screening  and  bypass  system  will  provide  an  estimated  33-50  percent 
FGE  based  upon  BiOp  and  NMFS  survival  study  calculations  using  PIT-tag 
individuals  (equating  to  33-50  percent  FPE  in  tMs  case  where  no  spill  is 
assumed). 

The  Corps  believes  that  the  closure  of  the  Ice  Harbor  spillway  during 
August  1  through  August  31, 1996,  will  not  adversely  affect  the  listed 
juvenile  Snake  River  spring/summer  chinook  salmon  stock  (estimated  less 
than  0.4  percent  of  the  annual  wild  outmigrating  population)  or  listed 
juvenile  Redfish  Lake  sockeye  (0.  nerka)  salmon  (estimated  at  0.5-1.3 
percent  of  the  .annual  wild  outmigrating  population)  (TABLE  4).  The 
proposed  action  has  the  potential  to  reroute  about  one-half  of  an  estimated 
5.9-31.8  percent  of  the  expected  1996  outmigration  population  of  juvenile 
wild  Snake  River  fall  (subyearling)  chinook  salmon  away  h:om  the  spillway 
through  the  new  juvenile  bypass  system  and  turbines.  For  example,  70 
percent  spOl  is  required  with  33  percent  FGE  to  attain  80  percent  FPE.  The 
current  spiU  cap  for  120  percent  TDG  equates  to  25Kcfs,  or  46  percent  spill 
for  the  BiOp  requested  total  river  flow  of  55Kcfs  for  fall  chinook.  The 
calculation  for  effected  fall  chinook  juvenile  outmigrants  would  be  5.9-31.8 
percent  multiplied  by  .46  equating  to  2.7-14.6  percent. 

BiOp  operations  for  juvenile  passage  beyond  August  31,1996,  do  not 
require  voluntary  spill  at  Ice  Harbor  Dam.  Closure  of  the  spillway  from 
August  31,  1996,  through  March  15,  1997,  would  be  consistant  with  fish 
passage  operations  guided  by  the  BiOp. 

To  date,  spill  efficiency,  spill  mortality,  nor  juvenile  bypass  facihty 
mortality  has  not  been  directly  measured  at  Ice  Harbor  Dam.  Assuming 
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p^ameter  estimates  used  for  the  other  lower  Snake  River  Hamc  of  1:1  snill 
e  cien^,  2  percent  direct  spiU  mortality  with  no  gas  bubble  trauma  related 
r  percent  bypass  mortahty,  an  estimate  of  the  increased 
rnn~?f  calculated.  Applying  estimated  FGE 

nges  Dam  of  50-73  percent  for  spring/summer  and  sockeye 

salmon  and  33-50  percent  for  faU  chinook  salmon(TABLE  3)  to  the  estimated 
range  for  turbme  mortahties  of  8-15  percent,  then  mortality  due  to  i^crTased 
t^bme  passage  is  estimated  to  be  0.002-0.004  percent  of  the  annual^dd 
prmg  summer  c^ook  salmon  outmigratmg  population,  0.002-0.02  percent 
of  the  annual  wild  sockeye  (Q^nerka)  salmon  outmigrating  population!  and 
population  of  the  annual  wild  fall  chinook  salmon  outmigrating 

Operation  of  extended-length  screens  at  Lower  Granite  Dam  during  1996 
IS  expected  to  remove  about  60  percent  of  the  faU  chinook  smolts  originating 

adiwld  collection  and  barge  or  truck  transport.  This^ 

adjusted  routing  calculates  to  an  estimated  difference  in  turbine  mortality  of 

.  -1.1  percent  usmg  an  estimated  15  percent  turbine  mortality  or  0  08-0  1 
percent  usmg  and  estimated  8  percent  turbine  mortality  (TABLE  4).' 


Adults 

thp  Chinook  salmon  wiU  not  be  adversely  affected  by 

^e  proposed  m-water  construction  activities,  because  spill  generally  detracts 

A  u  approach  and  entrance  during  low  river  flows.  The  historical 

adult  ladder  attraction  flow  conditions  used  before  the  BiOp  requested  spiU 

operations  will  serve  as  the  initial  default  operation.  ^ 

Preliminary  results  from  the  Ice  Harbor  and  John  Day  Dam  general 
models  for  partial  spiUway  instaUation  of  deflectors  had  been  discouraging 
for  the  development  of  suitable  hydraulic  conditions  in  the  tailrace.  The 
creation  of  strongly  unstable  submerged  lateral  flow  across  the  channel  was 
created  by  the  operation  of  nondeflector  bays  influencing  adjacent  deflector 

Recent  testing  for  adult  patterns  with  the  Ice  Harbor  general  model 
(scale  1.55)  runnmg  25  to  60  Kefs  spill  indicated  that  acceptable  passage 
conditions  exist  with  8  deflectors.  Hydraulic  conditions  for  adult  passage  and 
a  small  mcremental  reduction  in  TDG  could  improve  with  training  wall 
extensions  and  deflectors  in  spiUbays  1  and  10.  Construction  of  additional 
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deflectors  and/or  retaining  wall  extensions  would  require  time  beyond  the 
March  15,  1997,  target  completion  date.  A  second  year  would  be  required  to 
fully  complete  the  project. 

A  consequence  of  this  partial  deflector  and  retaining  wall  installation 
would  be  uncertainty  associated  with  mechanical-  and  TDG-related  effects  to 
adult  migrants  of  all  salmonid  stocks  while  operating  for  an  entire  fish 
passage  season  imder  unmeasured  risks  to  passage  delay  and  survival. 
Operational  effects  to  juvenile  and  advilt  migrants  could  be  assumed  to  be  no 
more  negative  then  those  nondeflector  bay  operations  that  occurred 
unmeasured  at  Little  Goose  and  Lower  Monumental  Dams  since  the  late- 
1970s.  Resultant  hydraulic  conditions  would  not  be  optimal  according  to 
more  recent  knowledge  learned  firom  1993-95  dam  operations  with  voluntary 
spill  and  physical  model  studies.  Voluntary  spill  patterns  for  adult  and 
juvenile  salmon  passage  during  the  1997  outmigration  woxild  be  highly 
weighted  toward  the  use  of  deflector  spillbays. 

Preventative  Measures 

Juveniles 

The  juvenile  b3q)ass  system  with  submerged  traveling  screens  wfil  be 
operated  to  system  capacity  with  all  tainter  gates  on  seal  to  prevent  juvenile 
salmonids  firom  entering  the  dewatered  spillway  tmtil  construction  is 
complete  in  March  1997  or  an  overgeneration  hydrologic  event  forces 
involuntary  spill. 

In  the  event  that  an  hydrologic  event  results  in  overgeneration  spiU 
above  the  currently  proposed  hydraulic  capacity  of  the  powerhouse,  all 
construction  activity  in  the  spillway  vdU  be  terminated  and  abandoned  for 
worker  safety  until  the  hydrologic  event  has  run  its  course.  This  may  result 
in  equipment  damage  and  unknown  effects  on  the  physical  condition  of  the 
fish  passing  through  spill,  depending  upon  the  degree  of  construction 
activities  completed,  i.e.,  possibility  of  exposed  rebar  and  anchor  bolts,  or 
exposed  excavated  concrete  surfaces  along  the  spillbay  ogee  curye.  This 
forced  spill  scenario  would  result  in  an  unknown  amount  of  delay  in 
construction  completion  of  deflectors  prior  to  the  March  15,  1997,  target  date. 
Reinitiation  of  repair  and  construction  will  be  coordinated  between  the  Corps, 
contractor,  and  NMFS. 
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Adults 


Floating  Bulkhead  Plarpmpnt 


No  reports  of  any  fish  trapped  behind  bulkheads  during  dewatering  of 
the  spillbays  for  deflector  construction  during  the  1970s  are  known.  As  a 
precaution  to  prevent  stranding  of  any  fish,  the  tainter  gates  will  be  closed 
during  the  previous  night  for  a  minimum  of  8  hours  to  reduce  attraction  of 
fish  into  the  work  area  before  installing  the  bulkheads.  Adults  of  any 
sahnonid  or  sportfish  species  that  may  be  discovered  trapped  upon 
dewatering  of  the  isolated  work  area  will  be  safely  removed  by  a  project 

biologist  prior  to  total  dewatering  and  released  to  pass  upstream  through  an 
adult  ladder.  & 

Adult  Ladder  Entrance  Attraction  during  Oonstruction 


The  historical  adult  ladder  attraction  conditions  coordinated  and  used  for 
no  spill  operations  will  serve  as  the  default  operation. 

Additional  Imparts 

Although  the  proposed  construction  work  will  be  in  the  dewatered  ' 
spillway,  there  is  a  possibility  that  concrete  and  machinery  oils  may  enter  the 
lower  Snake  River  due  to  the  close  proximity  of  the  work  area  to  the  tailrace 
Debns  firom  construction  activities  may  fall  to  the  bottom  of  the  dewatered 
spmway,  which  may  eventually  drain  into  the  river  and  across  probable  fall 
chmook  redds.  Adequate  powerhouse  flows  should  be  available  under 
maximium  powerhouse  flow  routing  to  provide  suitable  velocities  across  the 
powerhouse  side  of  the  tailwater  channel  for  spawning  activity.  In  3  years  of 
redd  sxurveys,  Battelle-PNL  have  failed  to  locate  any  redd  construction 
activity  below  Ice  Harbor  Dam  (Bauble  et  al.  1994,  1995).  We  will  require 
the  contractor  to  provide  methods  of  confining  construction  debris  and  to 

prevent  the  direct  entry  or  seepage  of  unsuitable  materials  into  the  Snake 
River. 

Underwater  drilling  and  hammering  for  anchor  and  structural  bolts  and 
concrete  removal  to  form  the  radius  section  may  cause  minor  delay  or 
avoidance  of  adult  chinook  salmon  to  enter  the  ladder  entrance  nearest  the 
activity.  Monitoring  experience  with  vibratory  hammer  operation  during  the 
University  of  Idaho  adult  studies  indicated  no  effects  with  adult  steelhead 
(Rudy  Ringle,  pers.  comm.,  March  1996). 
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Summarv 

This  letter  is  provided  as  coordination  with  the  NMFS  for  the  proposed 
action  of  constructing  flow  deflectors  in  the  centered  spillbays  at  Ice  Harbor 
Dam.  The  Corps  believes  that  the  closure  of  the  Ice  Harbor  spillway  from 
August  1,  1996,  through  March  15, 1996,  would  not  adversely  affect  hsted 
Snake  River  salmon  stocks  beyond  those  assumed  impacts  and  risks 
considered  by  NMFS  in  their  BiOp  for  1994-98  Operation  of  the  Federal 
Columbia  River  Power  System  and  Juvenile  Transportation  Program  in  1995 
and  Future  Years. 

Snake  River  sockeye  and  Snake  River  spring/summer  chinook  salmon 
stocks  woiild  not  hkely  be  adversely  affected  by  the  proposed  closure  of  the 
spillway  after  August  1,1996,  because  only  a  few  individuals  representing  the 
receding  tail  of  the  total  annual  wild  passage  population  distribution  would 
be  present  in,  or  passing  through,  the  area  during  the  proposed  activity 
period.  The  proposed  action  has  the  potential  to  reroute  about  46  percent  of 
an  estimated  5.9-31.8  percent  of  the  expected  1996  outmigrating  population 
of  juvenile  wild  Snake  River  fall  chinook  salmon  away  from  the  spillway 
through  the  new  juvenile  bypass  system  and  turbines.  Applying  estimated 
FGE  ranges  for  Ice  Harbor  Dam  of  50-73  percent  for  spring/summer  and 
sockeye  salmon  and  33-50  percent  for  fall  chinook  salmon  to  the  estimated 
range  for  turbine  mortalities  of  8-15  percent,  mortality  due  to  increased 
tiirbine  passage  is  estimated  to  be  0.002-0.004  percent  of  the  annual  wild 
spring/summer  chinook  salmon  outmigrating  population,  0.002-0.02  percent 
of  the  annual  wild  sockeye  salmon  outmigrating  popiilation,  and  0.08-1.1 
percent  of  the  annual  wild  fall  chinook  salmon  outmigrating  population. 

Please  contact  me  or  Chris  Pinney,  Walla  Walla  District  Fishery 
Biologist,  at  509-527-7284,  if  there  are  any  questions.  Mr.  Jim  Atheam,  at 
503-326-2835,  remains  the  North  Pacific  Division's  ESA  coordinator. 

Sincerely, 


Lieutenant  Colonel,  Corps  of  Engineers 
District  Engineer 


Enclosures 
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Copy  Fxirnished: 

Chris  Toole 

National  Marine  Fisheries  Service 
Endangered  and  Threathend  Species  Division 
Hydrology  Branch 
525  N.E.  Oregon,  Suite  500 
Portland,  Oregon  97232 

Mark  Schneider 
Chief,  Operations  Branch 
National  Marine  Fisheries  Service 
525  N.E.  Oregon,  Suite  500 
Portland,  Oregon  97232 
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TABLE  1 .  Monthly  indexed  estimates  of  smolt  passage  of  wild  Snake 
River  yearling  and  subyearling  Chinook  and  Q.  nerka  salmon  passing  at 
Lower  Monumental  dam  during  1994,  as  derived  from  Fish  Passage  Center 
weekly  report  indices  (1994) . 


TABLE  2  .  Monthly  indexed  estimates  of  smolt  passage  of  wild  Snake 
River  yearling  and  subyearling  Chinook  and  Q.  nerka  salmon  passing  at 
Lower  Monumental  dam  during  1995  as  derived  from  Fish  Passage  Center 
weekly  report  indices  (1995) . 


1995 

Yearling 

Subyearling 

Q-  nerka 

Number 

Percent 

Number 

Percent 

Number 

Percent  • 

APR 

43493 

18 . 0 

0 

0.0 

303 

11.6 

MAY 

158190 

65.3 

118 

1.3 

1644 

63.1 

JUN 

34842 

14.4 

759 

8.5 

429 

16.5 

JUL 

4405 

1.8 

4653 

51.8 

170 

6.5 

AUG 

1017 

0.4 

2860 

31.8 

33 

1.3 

SEP 

171 

0.08 

478 

5.3 

12 

0.5 

OCT 

47 

0.02 

116 

1,3 

16 

0.6 

APR- 

OCT 

242165 

8984 

2607 

Pre- 

AUG  1 

99.5 

61.6 

97.7 

AUG 

1-31 

0.4 

31 . 8 

1.3 

Post- 
Aug  1 

0.5 

38.4 

2.4 

Post- 

Aug31 

0.1 

6.6 

1.1 

TABLE  3.  Assumed  FGE  range  for  analysis  presented. 


Yearling 

Chinook 

Sockeye 

Subyearling 

Chinook 

Lower  Granite 

60-74 

48 

31 

Little  Goose 

45-55 

60 

31 

Lower  Monumental 

45-55 

60 

31 

Ice  Harbor 

55-73 

55-73 

33-50 
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DRAFT 


FINDING  OF  NO  SIGNIFICANT  IMPACT 
ICE  HARBOR  DAM  SPILLWAY  DEFLECTORS 
FRANKLIN  AND  WALLA  WALLA  COUNTIES,  WASHINGTON 


The  Corps  of  Engineers  proposes  to  modify  the  spillway  of  Ice  Harbor  Dam  by  constructing 
deflectors  on  up  to  ten  of  the  spillbays  and  extending  one  or  both  training  walls.  The  dam  is 
located  on  the  lower  Snake  River  at  River  Mile  9.5,  near  Pasco,  Washington.  The  purpose  of  the 
deflectors  is  to  reduce  the  amount  of  dissolved  gas  produced  as  river  flows  are  passed  through  the 
d^  spillway.  High  concentrations  of  total  dissolved  gas  (TDG)  can  injure  or  kill  juvenile  and 
^uh  salmo^  as  well  as  resident  fish  and  other  aquatic  organisms.  The  need  for  TDG  abatement 
IS  of  immediate  concern  to  the  region  because  of  declining  salmon  populations  and  the  listing  of 
three  Snake  River  salmon  stocks  (spring/summer  Chinook,  fall  chinook,  and  sockeye)  as  either 
weatened  or  endangered  under  the  Endangered  Species  Act.  In  their  March  1995  Biological 
Opimon  on  Operation  of  the  Federal  Columbia  River  Power  System,  under  Reasonable  and 
Prudent  Measures  Intermediate  Term  Action  No.  18,  the  National  Marine  Fisheries  Service 
request^  that  spillway  modifications  for  gas  abatement  at  Ice  Harbor  Dam  be  completed  as  soon 
as  possible,  contingent  on  the  results  of  TDG  abatement  evaluations  in  1995  and  1996  The 
Corps  proposes  to  construct  eight  deflectors  in  1996/1997  and  the  remaining  two  deflectors  and 
the  trairang  wall  extension(s)  in  1997/1998  to  comply  with  NMFS’  request. 


The  Corps  evaluated  sever^  other  alternative  methods  of  reducing  TDG.  These  included 
modi^ng  the  stiUmg  basin,  raising  the  tailrace,  making  operational  changes  in  the  spill  pattern, 
wd  elumnating  voluntary  spill  of  water  for  fish  passage.  These  alternatives  were  removed  from 
further  consideration  because  they  are  still  being  investigated  as  part  of  the  on-going  gas 
abatement  smdies  and  may  take  between  4  and  10  years  to  implement.  The  Corps  identified  only 
one  alternative,  spillway  deflectors,  that  would  provide  meaningful  reduction  in  TDG  and  could 
be  implemented  in  time  for  the  1997  outmigration.  Therefore,  constnicting  and  operating  the 
spillway  deflectors  is  the  Corps’  selected  action. 

Construction  and  operation  effects  of  the  proposed  spillway  deflector  project  are  addressed  in 
the  project  environmental  assessment.  Effects  of  the  facilities  are  largely  focused  on  impacts  to 
the  aquatic  enviro^ent.  Construction  of  the  spillway  deflectors  would  have  minimal  impacts  on 
aquatic  resources  in  the  vicinity  of  the  dam.  No  important  fish  habitat  would  be  disturbed  by  the 
constmction  and  fish  and  other  organisms  in  the  river  would  easily  avoid  the  construction 
actmties.  Operation  of  the  spUlway  deflectors  is  expected  to  decrease  TDG  when  water  is  being 
spilled,  which  would  improve  in-water  conditions  for  salmon  as  well  as  other  aquatic  organisms 
The  Corps  has  estimated  that  installing  deflectors  of  at  Ice  Harbor  Dam  could  possibly  reduce 

dissolved  gas  supersaturation  by  up  to  5-  to  10-percent  for  spills  flows  up  to  60,000  cubic  feet  per 
second  (cfs). 


This  project  has  been  coordinated  with  the  U.S.  Fish  and  Wildlife  Service,  National  Marine 
Fisheries  Service,  Washington  Department  of  Fish  and  Wildlife,  other  concerned  state  and  Federal 
agencies,  tribes,  and  the  public.  The  project  is  in  compliance  with  all  applicable  laws  and 
regulations.  In  view  of  the  information  provided  by  these  sources,  the  environmental  assessment, 
and  comment  letters,  I  find  that  the  proposed  action  would  not  result  in  significant  impacts  and 
that  an  environmental  impact  statement  is  not  required. 


DATE: 


James  S.  Weller 

Lieutenant  Colonel,  Corps  of  Engineers 
District  Engineer 


Reply  to 
Attention  of; 


DEPARTMENT  OF  THE  ARMY 

NORTH  PAaRC  DIVISION,  CORPS  OF  ENGINEERS 
P.O.BOX  2870 

PORTLAND,  OREGON  97208-2870 


CENPD-ET-PG  (1130)  22  June  1995 

MEMORANDUM  FOR 

Cojjmander,  Portland  District  (CENPP-PE-DS) 

VjeOTiunander,  Walla  Walla  District  (CENPW-EN-DB-HY) 

SUBJECT:  Ice  Harbor  Dam  and  John  Day  Dam  Spillway  Deflector 
Studies 


1.  Reference: 

a.  CENPD-PE-GE  1st  Endorsement,  dated  17  January  1995, 
subject:  Ice  Harbor  Dam,  Spillway  Deflector  Letter  Report, 
October  1994. 

b.  National  Marine  Fisheries  Service  Biological  Opinion, 
dated  2  March  1995,  Reasonable  and  Prudent  Measure  #18. 

c.  CENPD-ET-PG  Memorandum,  dated  12  June  1995,  subject: 

Ice  Harbor  Dam  and  John  Day  Dam  Spillway  Deflector  Studies. 

2.  Schedules,  including  design  memorandum,  model  studies  plans 
and  specifications  and  construction  should  be  provided.  This 
work  will  need  to  be  programmed  separately  from  the  gas  abatement 
study. 


FOR  THE  COMMANDER: 


Reply  to 
Attention  of: 


DEPARTMENT  OF  THE  ARMY 

NORTH  PACIFIC  DIVISION,  CORPS  OF  ENGINEERS 
P.O.BOX  2870 

PORTLAND.  OREGON  97208-2870 


CENPD-ET-PG  (1130) 
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MEMORANDUM  FOR 

Commander,  Portland  District,  ATTN:  CENPP-PE-DS 

.CENPW-ENtDBtHY,/ 


SUBJECT:  Ice  Harbor  Deun  and  John  Day  Dam  Spillway  Deflector 
Studies 


1.  Reference: 

a.  CENPD**PE~*6E  1st  Endorsement  dated  17  January  1995, 
subject:  Ice  Harbor  Dam,  Spillway  Deflector  Letter  Report, 
October  1994. 

b.  National  Marine  Fisheries  Service  Biological  Opinion 
dated  2  March  1995,  Reasonable  and  Prudent  Measure  j^l8. 

2.  In  order  to  implement  NMFS's  Biological  Opinion 
(reference  lb)  and  subsequent  CENPD  Record  of  Decision 

(10  March  1995)  more  efficiently,  the  spillway  deflector  analysis 
and  design  are  to  be  performed  for  John  Day  and  Ice  Harbor 
in  separate  studies  from  the  gas  abatement  program.  This  is 
contrary  to  previous  direction  provided  by  this  office 
(reference  la) .  This  work  should  be  undertaken  expeditiously, 
moving  into  a  feature  design  memorandum  immediately  and  into 
plans  and  specifications  to  allow  for  construction  completion  as 
soon  as  possible. 

3.  Pertinent  findings  from  the  gas  abatement  study  should  be 
incorporated  in  these  designs  as  the  information  becomes 
available,  however  time  is  of  the  essence  and  implementation  of 
spillway  deflectors  should  precede  unimpeded  by  the  final 
analysis  of  the  gas  abatement  program. 


CENPD-ET-P6 

SUBJECT:  Ice  Harbor  Dam  and  John  Day  Dam  Spillway  Deflector 

Studies 


4.  Regarding  the  CENPD  comments  in  the  17  January  95  endorsement 
(reference  la)  Walla  Walla  District  should  provide  a  response 
reflecting  which  comments  are  no  longer  pertinent  given  the  above 
guidance.  Upon  incorporation  of  remaining  comments/  the  Ice 
Harbor  Dam,  Spillway  Deflector  Letter  Report  can  be  approved  and 
provided  to  the  fishery  agencies  for  their  review. 

FOR  THE  COMMANDER:  / 


rpHN  E.  VELEHRADSKY,  F.l 
iixeator.  Engineering  ai 
Technical  Services 
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CENPD-PE-GE  (CENPW-EN-DB-HY/17  Oct  94)  (1110)  1st  End 

•Mr.  McCartney/aj/503-326-3858 

SUBJECT:  Ice  Harbor  Dam,  Spillway  Deflector  Letter  Report, 
October  1994 


CDR,  North  Pacific  Division,  Corps  of  Engineers,  P.o.  Box  2870, 
Portland,  OR  97208-2870  17  1935 

FOR  CDR,  Walla  Walla  District,  ATTN:  CENPW-EN-DB-HY 


1.  You  are  commended  for  preparation  of  this  excellent  report. 
However,  the  Dissolved  Gas  Abatement  study  will  be  the  primary 
vehicle  to  address  this  problem  at  the  (4)  Snake  River,  and  (4) 
lower  Columbia  River  projects.  The  letter  report  should  be 
revised  to  reflect  the  benefits  of  including  the  Ice  Harbor 
effort  in  the  Gas  Abatement  study.  You  are  reminded  that  the 
National  Marine  Fisheries  Service  (NMFS),  in  their  1994-98 
Biological  Opinion,  requested  a  report  by  31  January  1995.  While 
we  do  not  Icnow  at  this  time  whether  NMFS  will  accept  the  proposed 
approach,  your  report  will  provide  a  logical  alternative  that 
they  will  hopefully  give  strong  consideration  to.  Similar 
guidance  will  be  given  to  CENPP  regarding  John  Day  Daun  by  copy  of 
this  memorandum. 

•2.  The  alternative  flip  lip  configurations  identified  in  the 
subject  report  are  to  be  evaluated  along  with  other  structural 
modifications  in  the  Dissolved  Gas  study.  Previously  appz'oved 
model  studies  for  Ice  Harbor  will  facilitate  development  of  the 
optimum  gas  abatement  alternative. 

3.  The  enclosed  NPD  comments  are  to  be  used  in  the  study  of  gas 
abatement  alternatives  for  Ice  Harbor. 

FOR  THE  COMMANDER: 


2  Ends 
1  wd 

Added  1  end 
2 .  CENPD  cmts . 

CF :  CENPP-EN 
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CE  NPD  COMMENTS 


1.  Decisions  made  in  the  mid-1970's  to  postpone  installation  of 
deflectors  at  IHR  need  to  be  reviewed  in  more  depth  than 
presented.  The  subject  of  expected  reduction  in  quantity  and 
frequency  of  spill  in  particular  should  be  better  documented. 

The  Corps  has  accumulated  a  sizable  eunount  of  flow  and  TD6  data 
that  should  allow  for  detailed  statistical  analysis.  Changes  in 
spill  brought  about  by  the  Power  Planning  Council's  Fish  and 
Wildlife  Program  and  other  regional  agreements  should  be 
teibulated  and  analyzed,  using  actual  spill  and  TD6  data. 

2.  CENPW  staff  estimated  possible  TD6  reductions  at  IHR  based  on 
extrapolated  data  collected  at  LMM.  While  we  support  this 
approach,  we  believe  it  should  also  include  estimating  TDG  ranges 
based  on  ctirrent  spill  levels  at  IHR.  Also,  conspicuous  by  its 
absence  is  any  reference  to  and  application  of  a  mathematical 
model  such  as  GASSPILL.  Here  is  a  potential  means  for  developing 
other  estimates  of  TDG  reduction,  taking  into  account  changes  in 
the  dimensions  of  the  stilling  basin,-  spill  amounts,  and  total 
flows  (and  hence  submergence  levels) .  GASSPILL  accounts  for  all 
the  relevant  elements,  including  spill,  total  flow  incoming  TDG, 
head  drop,  water  temperature,  etc.  Therefore,  use  of  a 
mathematical  model  to  assess  local  as  well  as  system  TDG  impact 
should  be  made  to  supplement  methods  presented  in  the  letter 
report.  Impacts  may  not  be  quantified  in  absolute  terms  but  at 
least  in  relative  terms  for  comparison  purposes. 

3.  There  is  a  good  section  on  the  impacts  of  TDG  on  anadromous 
fish,  including  quantification  of  these  impacts  in  the  CRiSP 
model.  Expand  this  section  further  by  estimating  the  range  of 
improvement  in  fish  survival  with  the  deflectors  in  place. 
Improvements  should  be  estimated  both  at  the  project  and  system 
level,  asstuning  different  flow  and  spill  conditions. 

4.  The  options  considered  are  mostly  concentrated  on  the 
location  of  the  deflectors  with  respect  to  individual  spillway 
bays.  Two  other  options  are  also  of  interest.  The  first 
additional  option  is  to  investigate  ways  to  improve  FGE  so  that 
the  required  spill  to  achieve  80%  FPE  is  reduced  before  the 
current  25,000  cfs  or  any  other  spill  level  commensurate  with  a 
relaxed  TDG  standard.  Is  this  (indirect)  solution  feasible  and 
if  so,  at  what  cost?  The  second  option  is  to  look  at  a  side- 
bypass  spillway  at  one  or  both  ends  of  the  dam.  This  would 
include  two  or  more  intermediate  mini  stilling  basins  similar  in 
concept  to  stair-steps  used  on  conventional  fish  ladders.  Is 
this  a  feasible  solution? 

5.  The  section  on  MEPA  and  EIS  requirements  should  also  address 
other  elements.  These  include  coordination  with  cooperating 
agencies;  NEPA  process  applied  to  this  project;  and  interface 
with  System  Configuration  and  Dissolved  Gas  Abatement  studies. 
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6.  The  letter  report  should  provide  a  short  section  on  project 
funding.  Is  cost-sharing  an  issue?  What  is  the  funding  level 
required  and  the  process  through  which  this  project  would  be 
implemented. 
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